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A NEOCENE EROSION SURF ACE IN CENTRAL OREGON? 


ABSTRACT 


A landscape, in the old age stage, termed the Ochoco Erosion 
Surface, bevels the Columbia lavas and Mascall formation of middle 
Miocene age at a large angle, and the Rattlesnake lower or middle 
Pliocene at a small angle, in parts of the Ochoco Range and the John 
Day country of central Oregon. North of the John Day country 
the Condon Erosion Surface, locally at least a peneplane, probably 
but at present not demonstrably the correlative of the Ochoco, trun- 
cates the Columbia lavas and perhaps The Dalles formation. A pause 
in the eventful diastrophic history of this part of the Northwest is 
apparently indicated by these features. Subsequently, during the 
present or Dayville cycle, the great gorges and valleys have been 
excavated. 


INTRODUCTION 


The observations discussed in this paper were made in the course 
of the geologic mapping of the Mitchell Quadrangle and the Picture 
Gorge Special Quadrangle in central Oregon and the incidental study 
of adjacent areas. The investigations are part of a program of 
Tertiary history studies being prosecuted under the general direction 
of Dr. John C. Merriam of the Carnegie Institution of Washington. 

Able assistance has been rendered during much of the field work 
by Mr. Bernard N. Moore. 


GEOGRAPHIC FEATURES 


A broad basin, largely structural in origin, occupies a large part 
of central Oregon. Its middle portion is called the Harney Valley. 
Lying at about 4,000 feet altitude, it is part of the plateau of eastern 
and central Oregon. Its profiles are gentle. 

Immediately north of this broad basin an east-west belt of moun- 
tainous country stretches from the higher part of the Blue Mountains 
of northeastern Oregon westward nearly to the east base of the Cas- 
cades. ‘This mountainous zone consists of east-west ridges, and be- 
cause the valleys between are drained by the branches of the river 
of that name it is usually known as the John Day country. 

? Presented before Geological Society of America, Cordilleran Section, at Berkeley, 
March 3, 1928. 
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Plateaus again border this rougher tract on the north, and with 
declining altitude extend to the brink of the canyon which the 
Columbia River has incised to varying depth to mark the boundary 
of Oregon and Washington. 

Central and north-central Oregon comprise then these three prov- 
inces: two plateau areas with an intervening mountainous belt 
usually referred to as the John Day region. 


AREAL DISTRIBUTION AND STRUCTURE OF THE ROCKS 


Physiographic studies can manifestly not be pursued safely without 
a knowledge of at least the general character and distribution of the 
rock masses on which the forms under investigation have been 
developed. 

The central Oregon basin, or Harney Valley, is underlain principally 
by Tertiary lavas, pyroclastics, and continental formations. Of these, 
the Miocene and earlier formations are folded gently; the Pliocene 
and Quaternary lavas and sediments are usually only slightly warped. 

In the John Day region a greater variety of formations is exposed. 
The surface rocks of this mountainous tract form three east-west 
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anticlines, with two intervening synclines. The north flank of the 
most northerly anticline becomes the plateau which extends northward 
to the Columbia River, and the south flank of the southerly of the 
three anticlines forms the expansive north slope of the Harney Valley. 
Minor features of course complicate this structure considerably. 

Nearly the whole John Day region seems to have been covered 
originally by the Columbia lavas. Areally they are still the most 
important rocks. The Mascall formation, consisting of some two 
thousand feet of ashy sediments, conformably overlies the lavas in 
a few areas where it has been protected by downfolding. The Plio- 
cene Rattlesnake formation overlies unconformably both the Mascall 
and the Columbia lavas in one or more districts. Beneath the 
Columbia lavas, exposed by deep dissection in only a few areas, the 
Oligocene sediments of the John Day formation present their upturned 
edges. The Clarno, consisting of hundreds of feet of basic lavas and 
pyroclastics, constitutes the surface formation in extensive tracts in 
the western part of the John Day region, usually along the central 
part of anticlines from which the cover of later formations has 
been removed. Chico Cretaceous strata are exposed in small patches 
in certain localities. Along the gentle south slope of the Ochoco 
Range, the southern anticline of the John Day region, earlier Mesozoic 
and Paleozoic strata form the land surface in east-west strips of con- 
siderable size. The Chico, John Day, Mascall, and Rattlesnake 
formations, of sedimentary origin, are of course the weak rocks, and 
form the lowlands; the pre-Cretaceous, the Clarno, and the Columbia 
lavas are resistant and commonly constitute the higher parts of the 
ranges, the plateaus, and the mesas. 

North of the John Day region the broad plateau which slopes away 
gently to the Columbia River is underlain almost entirely by Columbia 
lavas. 


OCHOCO EROSION SURFACE 
DISTRIBUTION OF REMNANTS 


Of the three provinces mentioned as constituting central and north- 
central Oregon, the middle one—the elevated and folded John Day 
country—has been deeply dissected, approximately to the stage of 
early maturity in the erosion cycle. The stream valleys are still 
gorges or canyons in the more resistant rocks, but have been widened 
to narrow valleys in the John Day and Mascall formations (Plate I, 
fig. A). The valley bottoms are sometimes flat alluviated floors, in 
other cases they are rolling or hilly up to the contact with the more 
resistant formation which makes the adjoining hill or mountain. 
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The dissection of the John Day region is due not alone to its 
higher elevation and the consequently greater precipitation upon it. 
To the east of the region the Hlk Range, highest part of the Blue 
Mountains, receives still greater rainfall, and the forks of the John 
Day, receiving a considerable part of this, have therewith developed 
enlarged excavating powers. 

The main branches of the John Day River have been cut to levels 
considerably below the nearby margins of the plateaus which le to 
the north and south of the dissected John Day region. The sloping 
plateau on the south which rises gradually from the floor of Harney 
Valley northward attains general elevations, in the crest of the 
Ochoco Range, of 2,000 to 2,500 feet above Bridge Creek and the 
main John Day. As a consequence tributaries of these streams are 
reaching vigorously back into the plateau by headward erosion. The 
heads of these tributaries have advanced southward, in many cases 
far beyond the line of maximum heights of the Ochoco Range. 
Strong contrast marks the topography north and south of the 
sinuous drainage divide. To the north, as indicated earlier, the land 
forms are those of early maturity: steep slopes, divides often sharp, 
general ruggedness. Southward from the drainage divide of the 
Ochoco Range the surface is one of gentle slopes, broad divides, and 
low relief. The southward drainage is of rather low gradient. Broad 
valleys occur, and meadows, such as Big Summit Prairie in the sum- 
mit region south of Mitchell (Plate I, fig. B). 

Some of the flat and gently sloping surfaces on this subdued upland 
are unquestionably structural in origin. The Columbia lava particu- 
larly gives rise to strikingly smooth dip slopes because of its peculiar 
‘habit of degradation through complete removal of successive sheets, 
flow by flow, over large areas. But the surface of relatively low relief 
here under discussion extends over areas not underlain by the 
Columbia lavas. To the west and southwest of the summit crossing 
of the Prineville-Mitchell road the Clarno formation underlies the 
surface; its detail of form is quite different, but the more subdued 
character of the upland surface still contrasts strongly with the rugged 
and dissected topography cut on the same formation north of the 
divide by the tributaries of the John Day. 

The old erosion surface extends along the south slopes of the 
Ochoco Range from the Big Summit Prairie region south of the 
Mitchell Quadrangle eastward through the Paulina, Izee, and Seneca 
regions, where Dr. Packard and Mr. Lupher have been studying 
Cretaceous and pre-Cretaceous formations, for an unknown distance 
toward the Snake River region. Several years ago the writer observed 
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what appeared to be an old surface ascribable to a former erosion 
cycle on the south slopes of the Blue Mountains, perhaps midway 
between Burns and Vale. 

When traced down the south slopes of the Ochoco Range south of 
the Mitchell Quadrangle the old surface becomes progressively more 
dissected, due to invasion headward by the tributaries of the rejuve- 
nated Crooked River. This stream and the Deschutes, which it joins, 
have cut deep trenches during the present cycle, below remnants of 
the old erosion surface. 

Within the John Day region, in which the topography has advanced 
in the present cycle to early maturity, but few residual areas of the 
old surface have been recognized. The Rattlesnake formation, of 
middle Pliocene age, was deposited in a shallow valley, the floor of 
which was part of the old erosion surface. North of the areas where 
the old surface is covered by these sediments, between Picture Gorge 
and Kimberly, remnants of what is believed to be the same surface 
truncate the Columbia lavas and stretch eastward and westward 
from the rims of the 2,500 foot canyon through which the John Day 
flows at this point. 

The plateau north of the John Day country has the physiographic 
characteristics of youth. High grade canyons lead to the Columbia 
and the John Day Rivers. They often end headward in the midst 
of a large expanse of undissected country. The undissected inter- 
stream areas are very extensive; well-defined drainage has developed 
on only a fraction of the whole territory. The critical question, how- 
ever, is whether the extensive flat surfaces actually truncate the struc- 
ture in the underlying Columbia lavas. Loess and soil commonly 
obscure the relation. At many localities structure and surface are 
parallel, as nearly as can be determined. It is almost inconceivable, 
however, that this broad expanse of flat country was moulded in the 
present cycle of erosion, for only part of it has well-defined drainage 
at the present time, and that drainage certainly appears to be destroy- 
ing the flat surface, not forming it. 

_ The surface is believed to bevel the lavas but at a small angle, 
but with the loess cover it has not been possible thus far to find a 
clearly demonstrable case. 

It has sometimes been assumed that flat plateaus in the Columbia 
lava region are simply the original upper surface of lava accumula- 
tion, but it is of course unreasonable to suppose that such a land 
surface would lie exactly at base level during the whole long interval 
since middle Miocene time. It would either long since have been 
degraded, if it lay above base level, or have been buried by sediments 
if below. It might be supposed that it was buried by sediments and 


8 Contributions to Paleontology 


only recently exhumed; but in that case sizable remnants of the 
sediments should be found on some of the flat interstream areas, 
which are often miles wide. 


DESIGNATION AND TYPE AREAS 


Since the old surfaces here described are extensive for tens or 
scores of miles and represent a significant chapter in the physical 
history of central and north-central Oregon, it seems advisable to 
name and define them. 

The old surface on the south slope of the Ochoco Range is properly 
designated the Ochoco Erosion Surface. The type area is the Big 
Summit Prairie district, south of Pisgah Peak, and south of the 
southern part of the Mitchell Quadrangle. 

The surface north of the John Day country, sloping down to the 
brink of the Canyon of the Columbia River may be the correlative of 
the Ochoco, but this can not at present be demonstrated, and in view 
of the uncertainty the name Condon Erosion Surface is proposed for it, 
from the town of Condon which is situated on it. The type area 
may be taken at that locality. 

The present difficulty in correlation of the Condon surface with 
the Ochoco arises from the absence of known Mascall and Rattle- 
snake deposits from the Condon region, so that the age of the surface 
can not be so precisely determined. The Condon surface has not been 
traced into the areas of Ochoco surface, and it may not be possible 
to do so. 


State OF DEVELOPMENT REACHED 


The Ochoco erosion surface was, before its deformation and partial 
destruction, by no means a peneplane. Certain parts of it may have 
approached that condition, but in the type area the relief over dis- 
tances of several miles was several hundred feet. Broad valleys 
formed part of its surface, and hills and ridges rose above the general 
level. Now that parts of the surface have been uplifted to 5,000 or 
6,000 feet, these hills have become the high points of the country 
and as peaks have been given specific names. They stand, as does 
Mount Whitney, above the uplifted old surfaces of the upper Kern 
in the southern Sierra Nevada. If the Ochoco region were unwarped, 
however, it would merely be considered hilly in parts and it would 
have the aspect of an old age surface. 

The Condon surface, if restored by filling in the canyons which have 
begun to trench it, would have less relief than the Ochoco. It was in 
late old age when uplifted; it approached the peneplane stage over 
considerable areas. 
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AGE 


Since the Ochoco Erosion Surface bevels the Columbia lavas and 
Mascall formation, as well as all earlier formations, it is of course 
post-Mascall, and hence post Middle Miocene in age. More precise 
determination of its age rests, however, upon its relations to the lower 
or middle Pliocene Rattlesnake formation. Unfortunately these 
strata are not present in the areas where the erosion surface is best 
represented. East of Picture Gorge, however, the Rattlesnake has 
been faulted down into the Columbia lavas and the erosion surface 
has quite certainly beveled the lavas subsequently, leaving protected 
strips of the sediments. Southeast of Mitchell, near the summit of 
the Ochoco Range, rhyolites, presumably the correlative of the Rattle- 
snake rhyolites lying along the Mitchell-Dayville road a few miles 
to the north, are cut by the Ochoco Erosion Surface. While the 
evidence is not entirely conclusive it seems to indicate that the 
erosion surface was finished in middle or upper Pliocene time. 


While in geomorphic usage erosion surfaces are often designated 
by the geologic date of completion, it should be pointed out that, when 
the Ochoco surface is called a middle or an upper Pliocene erosion 
surface because it bevels lower or middle Pliocene rocks, this does 
not necessarily mean that it was developed entirely during this brief 
fraction of a period. The folding of the region which occurred in 
post-Mascall pre-Rattlesnake time was far more intense, if we com- 
pare the dips of the Mascall and the Rattlesnake, than any post- 
Rattlesnake pre-Erosion Surface deformation. The Rattlesnake for- 
mation, while it consists in part of lavas poured out over the pre- 
Rattlesnake landscape, was largely a valley filling; it thins for 
instance along the sides of the John Day Valley, and its upper 
members extend out over the older formations much farther than the 
lower beds. While its rather coarse nature indicates that consider- 
able relief still existed in some parts of the region it is clear from 
the above relations that the larger part of the geologic labor involved 
in truncating the large pre-Rattlesnake folds had been performed 
previous to Rattlesnake time and that during and after the deposi- 
tion of the Rattlesnake the erosional activity was mainly one of 
completing and perfecting the surface. 


Since the Rattlesnake formation is not known to occur north of 
the John Day country it has not been possible to determine the age 
of the Condon Erosion Surface, the probable correlative of the Ochoco, 
much more precisely than that it is post-Columbia lava in age. It is 
highly probable, however, that it bevels The Dalles formation, which 
has recently been shown to be middle Neocene in age.* 


1J. P. Buwalda and B. N. Moore, Age of the “Satsop” and The Dalles Formations of 
Oregon and Washington, Science, vol. 66, Sept. 9, 1927. 
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The upper limit for the age of the Ochoco surface is set as middle 
or upper Pliocene, primarily because of the extent of the excavation 
and dissection accomplished subsequently. Enormous gorges and 
quite broad and deep valleys have been developed in the John Day 
country and the Ochoco Range. The Condon surface has been 
similarly modified. | 


SUBSEQUENT MopDIFICATION 


As in most other elevated parts of the western United States which 
have external drainage, the dominant erosional process in the John 
Day region is vigorous dissection and degradation. In this present 
cycle, termed the Dayville cycle, land surfaces produced earlier are 
being rapidly destroyed. This is of course primarily due to uplift in 
the course of the late Cenozoic topographic revolution which has been 
and is affecting the whole of western North and South America. 
The tributaries of the Columbia have been attacking the region from 
the north, those of the John Day from the west, and the branches 
of the Deschutes from the south and southwest. While the John 
Day, due to several favoring conditions, has carried the task to early 
maturity in the John Day region itself, the destruction of the surface 
has been only well begun in the Ochoco region to the south and the 
Condon country to the north. 

A second modification of the old erosion surfaces, presumably con- 
current with the uplift, has been the post-Rattlesnake folding along 
east-west axes. This was much less intense than the pre-erosion- 
surface folding of the Neocene, for the dips in the Rattlesnake seldom 
exceed a few degrees, while the Mascall and Columbia lava dips are 
sometimes above 30 degrees. ‘The post-Rattlesnake folding is, how- 
ever, responsible for the main features of the present relief—the 
anticlinal ridges like the Ochoco range, and the synclinal valleys like 
the John Day. Low broad swells on both the Ochoco and the Condon 
surfaces are quite certainly due to this late Tertiary and Quaternary 
deformation. Faults cut the Rattlesnake formation and have quite 
certainly dislocated the Ochoco Erosion Surface also in areas where 
no Rattlesnake is present. 

Slight modification by loess accumulation on the Condon surface 
has occurred, and post-erosion-surface lavas have accumulated to 
some extent on parts of the Ochoco surface, but these have affected 
the form of the land to only a trivial degree. 
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A—Looking down Rock Creek (middle foreground) and valley of John Day River 
(in distance) below Picture Gorge. Mature topography; 2,000 feet relief. 
Ochoco Erosion Surface largely destroyed; probable remnants on skyline in 
center. 


B—Big Summit Prairie, on the gentle south slope of the Ochoco Range, 15 miles south 
of Mitchell. Oregon. Looking northeast. Tributaries of the John Day River 
are invading this old-age surface vigorously from the north. This region 
is the type area of the Ochoco Erosion Surface. 
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THE DALLES AND HOOD RIVER FORMATIONS, 
AND THE COLUMBIA RIVER GORGE * 


INTRODUCTION 


A definite assignment of geologic dates to the main events of the 
Cenozoic history of the Columbia Gorge and Columbia plateau— 
vulcanism, sedimentation, folding, erosion—is manifestly possible 
only if we know the age of at least some of the formations. Because 
of their stratigraphic position, the ages of The Dalles beds and of the 
gravels heretofore known as Satsop lying between the Columbia River 
lavas and the volcanic Cascades formation in the Gorge have critical 
value for historical purposes. Some doubt has arisen in recent years 
regarding the extreme youth heretofore assigned to these sedimentary 
formations and the consequent recency of the physiographic develop- 
ment of the Columbia River Gorge. The writers and Mr. John H. 
Maxson devoted about ten days in July 1927 to a study of the region 
extending from somewhat east of The Dalles to west of Hood River. 
Efforts were concentrated on securing fossil material from the forma- 
tions lying on the Columbia lavas and on determining the relations 
of these formations to each other. A very brief preliminary state- 
ment of results has been published.’ | 

The investigation was made under the general direction of Dr. 
John C. Merriam, President of the Carnegie Institution of Washing- 
ton, as part of a broad program of Tertiary history studies in the 
Northwest. 

GENERAL GEOGRAPHY 


After flowing westward across the lava plateaus for more than a 
hundred miles, along the boundary between Washington and Oregon, 
the Columbia River crosses three other persistent north-south physio- 
graphic divisions on its way to the Pacific: the Cascade Range, the 
Willamette Valley depression, and the Coast Ranges. A powerful 
stream, which apparently flowed along approximately the route it now 
follows before the present mountains existed, it was able to maintain 
its way by downcutting during the uplift of the western ranges. As 
an antecedent river it developed the only gateway in the Northwest 
through the Cascade Range. Through the impressive Columbia 
River Gorge, passes the drainage of large parts of four states and of 
extensive areas in southwestern Canada, and important railroads and 

1 Presented before the Cordilleran Section, Geological Society of America, at Berkeley, 
California, March 3, 1928. 


2 Science, vol. 66, September 9, 1927. 
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highways as well. The city of The Dalles is situated on the south 
side of the Columbia River near its entrance into the Gorge; Hood 
River, also on the south bank, lies about twenty miles to the west 
within the Gorge. 


OUTLINE OF THE GEOLOGY 


The formations constituting the Cascade Range in the Gorge region 
and the adjacent parts of the plateau to the east are all of Cenozoic 
age. 

In the core of the range the oldest strata are exposed over a limited 
area. These belong to the Eagle Creek formation,’ regarded as of 
Oligocene or lower Miocene age, and consisting of 2,000 feet or more 
of andesitic pyroclastics. Its base lies below the level of the 
Columbia. 

Above the Eagle Creek formation lie the Columbia River basaltic 
lavas, with a thickness ranging from 1,000 to 2,000 feet, and usually 
consisting of between ten and twenty flows. They are strikingly 
exposed along the walls of the Gorge and form the plateaus to the 
east of the Cascade Range. Gravels, sometimes several hundred feet 
thick and heretofore known as the Satsop, overlie the basalts in the 
Gorge. Just east of the mouth of the Gorge and south and east of 
the city of The Dalles a series of basic agglomerates, tuffaceous sand- 
stones and gravels some hundreds of feet in thickness rest upon the 
basalts, apparently conformably. These strata have been known 
as The Dalles beds. The Cascades formation, consisting mainly of 
basic lavas and tuffs, overlies the earlier formations unconformably 
and forms in many places the upper parts of the walls of the Gorge. 

These formations have been moderately folded, as may be clearly 
observed in the walls of the Gorge. The structure of the Cascade 
Range in this impressive cross-section consists of three anticlines and 
the intervening synclines. The axis of the western and broadest of 
the arches crosses the Columbia near Cascade Locks, and the name 
Cascade Locks anticline is here proposed for it. East of it lies the 
syncline in which Hood River is situated; it may well be designated 
by that name. The two narrower and sharper anticlines to the east, 
termed the Bingen and Ortley by Williams, are separated by a struc- 
tural and topographic trough which, because that town is situated 
in it, may be called the Mosier syncline. The aggregate width of the 
two synclines and anticlines lying east of the Cascade Locks anticline 


1R. W. Chaney, Hcologic Significance of the Eagle Creek Flora of the Columbia 
River Gorge, Jour. Geol., vol. 26, 577-598, 1918. 
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is less than half the width of the Range; these smaller eastern folds 
are also lower. At the eastern mouth of the Gorge at The Dalles, 
on the east flank of the Ortley anticline, the Columbia lavas and 
overlying strata flatten to the relatively gentle dips of the plateau. 


Our knowledge of the stratigraphy, structure and history of the 
Columbia River Gorge has been greatly increased during the last 
decade by the publication of the results of studies made, in part in 
collaboration, by J. Harlen Bretz and by Ira A. Williams. While 
the present authors do not agree with all opinions expressed, these 
publications are important and very interesting contributions. 


AGE OF THE DALLES FORMATION 


F. H. Knowlton stated that the age of The Dalles formation is 
Eocene. R. W. Chaney commented on a collection of leaves from 
The Dalles beds: ‘“The modern aspect of the leaves of this flora sug- 
gests its Pliocene or Pleistocene age.” ” 


J. H. Bretz regarded it as probable that The Dalles beds are a local 
phase of the Satsop formation; the latter he considered Quaternary 
in age.* 

The writers were led to search for mammalian fossil remains in 
The Dalles beds through the report of Thomas Condon? that frag- 
mentary bones had been found, and because a few promising bad- 
land exposures had been seen during an earlier examination of the 
region by one of the authors. ‘The fossil material secured in 1927 is 
unfortunately scanty and fragmentary, but gives valuable information 
regarding age. 

A horse tooth, a proboscidean fragment and a fused artiodactyl met- 
apodial were found in nearly horizontal massive gray tuff estimated 
to lie about 500 feet above the base of The Dalles beds. The locality 
is about 2 miles southeast of The Dalles, about 0.25 mile southeast 
of the Charles Calkins home, on the southwest side of the road and 
about 75 feet above it. The horse tooth was found in place. 


A portion of a proboscidean tusk was found on the north side of 
the Columbia River. It occurred in place in Satsop gravels lying 
nearly flat in the Mosier syncline. The locality is about 2 miles west 
of Lyle, in low bluffs just north of the highway. 


1 Fossil Flora of the John Day Basin, U. 8. Geol. Surv. Bull. No. 204, 112, 1902. 

2 Preliminary Notes on Recent Tertiary Collections in the West (Abstract), Geol. Soc. 
Am. Bull., vol. 32, No. 1, 137, 1921. 

>The Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, 454, 1917. 

4Tdem, 466, and Geol. Soc. Am. Bull., vol. 28, No. 1, 170, 1917. 

'The Dalles Group, in Oregon Geology, 1910. 
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Report on Horse Tooth from The Dalles Beds of Oregon, 
by Chester Stock 


The tooth from The Dalles beds is a hypsodont lower cheek-tooth of 
a horse. While unfortunately the outer side of this specimen is largely 
destroyed, the metaconid-metastylid column and the entoconid are fairly 
well preserved. 

The tooth appears to have been well cemented. It is comparable in size 


to P4 in the type of Hipparion condoni from the Ellensburg formation. 
The size and shape of the metaconid-metastylid column and the type of 
internal groove between these two cusps as exhibited on the wearing surface 
remind one rather strongly of H. condom. In Merychippus this groove 
is frequently deep and V-shaped, whereas in The Dalles specimen the 
groove is broad and open. The entoconid is quadrate in cross-section, in 
which respect the tooth may again be regarded, perhaps, as slightly more 
progressive than Merychippus and more like Hipparion. 

Having in mind the fact that the present material is fragmentary, the 
characters presented by The Dalles tooth would seem to suggest approxi- 
mately an Upper Miocene or Lower Pliocene stage in the evolution of 
the Equide. 


That The Dalles formation is not Eocene, as F. H. Knowlton sug- 
gested is moreover quite clear from the fact that it overlies the 
Columbia River lavas, known to be about middle Miocene in age. 


The approximately upper Miocene or lower Pliocene age of The 
Dalles formation is corroborated by other lines of evidence. The 
Dalles formation is not definitely known to be conformable on the 
Columbia lavas, but its strata are at least essentially parallel to 
the lavas; it has been folded to the same degree. In view of the 
tectonic activity prevalent throughout the whole west coast region 
throughout tertiary time, this similarity in the degree of deformation 
points to probable close relationship in date of deposition; hence 
approximately upper Miocene. A second line of evidence is the 
rather remarkable lithologic similarity of The Dalles beds to the 
Ellensburg of central Washington, now known to be late Miocene 
or lower Pliocene. Both formations are apparently parallel to the 
underlying basalts, both are made up in large part of rounded vol- 
canic river gravels and peculiar bluish and gray cross-bedded tuff- 
aceous sandstones and ash beds. The composition of the volcanics 
in the gravels is somewhat different, but this may indicate merely a 
somewhat different source. A third indication that The Dalles 
formation is middle Neocene rather than Quaternary is its indura- 
tion. A comparison of the induration and resistance to erosion of 
numerous Neocene and Quaternary formations in the Pacific Coast 
States, both of marine and continental origin, has led the writers to 


1Paper by John C. Merriam and John P. Buwalda in course of publication. 
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the conviction that when extensive exposures can be studied it is 
usually possible to differentiate in a broad way on the basis of these 
characteristics between Miocene, Pliocene and Quaternary forma- 
tions, and certainly between middle Neocene and Quaternary forma- 
tions. The nature of the materials must naturally be taken into 
account, as must the loading from overlying formations when the 
thickness of these can be determined. It is also clear that judgments 
from limited exposures can not be relied upon, and that the indura- 
tion of a formation deposited late in one period will often not differ 
materially from that of strata laid down early in the succeeding period. 
But with all these reservations, the induration of The Dalles for- 
mation is equal to that of other middle Neocene formations of the 
Columbia plateau region, such as the Ellensburg, Mascall, Payette 
and Virgin Valley. Its induration is enormously greater than that 
of Quaternary formations like the Ringold, the Quaternary gravels 
of the Gorge and the Portland region, and the Quaternary marine 
formations of the Oregon and California, coast. It is on the whole 
more indurated than the Pliocene Rattlesnake formation of the 
John Day region. 7 

All the evidence converges to indicate a middle Neocene age for 
The Dalles formation. 


AGE OF THE “SATSOP GRAVELS” OF THE COLUMBIA RIVER GORGE 


J. H. Bretz applied the name Satsop formation in 1915 to a deposit 
of stream gravels in the Chehalis Valley of western Washington.’ 
Its age was thought to be Quaternary because of its unconformable 
relation to Eocene and Miocene sediments, its limitation as a valley 
filling, and its probable equivalence to Quaternary formations at 
various localities on the Washington coast. The quartzitic gravels 
with which we are concerned in this paper, overlying the Columbia 
basalts in the Gorge, Bretz later correlated with the type Satsop and 
considered Quaternary in age.” The basis for the correlation of the 
oravels at the two localities, separated about 100 miles, seems to have 
been mainly lithologic similarity, particularly the presence in greater or 
less abundance of well-worn quartzitic pebbles of rather unique reddish 
color. It would seem rather unlikely, however, at the very outset that 
loose gravels filling a valley in essentially the present topography 
would be the equivalent, in time of deposition, of indurated conglomer- 


1 Pleistocene of Western Washington (abstract), Geol. Soc. Am. Bull., vol. 26, No. 1, 
Hessil, Ie), 

2The Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, No. 5, 446, 
452, 1917, 
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ates buried hundreds or thousands of feet beneath volcanics in a neigh- 
boring mountain range which has in post-conglomerate time been 
folded and trenched some thousands of feet by a stream. I. A. Wil- 
liams, with whom Bretz had studied the Columbia River Gorge, ac- 
cepted ! the very late age determination for the gravels, but seemingly 
not without some hesitation; this apparently arose from the recog- 
nition that a Quaternary age assignment for the gravels necessitated 
the telescoping of an apparently long history into a surprisingly brief 
period of time.” 

Warren D. Smith and Earl L. Packard? indicated that wherever they 
had examined the “Satsop” exposures on the Columbia and Sandy 
Rivers the formation appears to be an ordinary river gravel plastered 
against the sides of the valleys. The inference is that the Satsop is 
Quaternary, although no opinion is stated regarding its age. 

While the writers obtained no diagnostic mammalian fossils from 
the “Satsop” gravels, the age determination of The Dalles formation 
is also determinative for the ‘“Satsop” because of their stratigraphic 
relations. (a) Bretz considered it probable that The Dalles “is a 
local phase of the Satsop formation.” (6) The Dalles beds extend 
far up the southeast flank of the Ortley anticline west of The Dalles. 
The writers found the same beds dipping northwestward on the north- 
west flank of the fold and overlying gravels, certainly assignable to 
the “Satsop.” (c) North of the Columbia and one to two miles 
west of Lyle, Washington, typical quartzitic “Satsop” gravels are 
likewise overlain by pyroclastics and sediments, without doubt the 
correlative of The Dalles formation. The gravels are therefore sub- 
stantially the same age, or older, than The Dalles formation. While 
they are stratigraphically below the latter beds, the writers did not 
determine whether they bear conformable or unconformable relations, 
but regard conformity as probable. 

The paleontologic and stratigraphic evidence of the middle Neo- 
cene, rather than Quaternary, age of the ‘‘Satsop” is corroborated by 
other considerations. 

(1) Bretz and Williams have called attention to the irregular 
erosion surface on the Columbia lavas, on which the beds were depos- 
ited, and the deep weathering beneath that surface. While this 
would doubtless require hundreds or thousands of years, it does not 
necessarily indicate the lapse of even a considerable fraction of a 
geological period. Relief of 25 to 40 feet often develops on the sur- 

1The Columbia River Gorge: Its Geologic History interpreted from the Columbia 
River Highway, in Mineral Resources of Oregon, Oregon Bureau of Mines and Geology, 
vol. 2, No. 3, 128. 1916. 


2Idem, page 130. 
* Salient Features of the Geology of Oregon, Jour. Geol., vol. 27, No. 2, 101, 1919. 
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face of a lava flow when it cools, due to movement after a thick crust 
has been formed; and this gives the familiar hummocky topography 
of recent flows. Since hundreds or even thousands of feet of rock, 
all of which must be weathered before it is susceptible to removal, 
are often eroded away in part of a geological period, as indicated at 
many localities in the West, it is clear that a few tens of feet of 
weathered basalt spell the passage of but a short time in a geologic 
sense. A more important feature of the basalt-gravels relationship 
is their approximate parallelism; the dips in the “Satsop” gravels 
on the flanks of the folds are in general as steep as those in the under- 
lying Columbia basalts. While this does not demonstrate conformity, 
it indicates probability, in a region which tectonically has been 
as unstable as the West Coast during the Tertiary, that the hiatus 
between the two formations does not denote great lapse of time. 
This is particularly true because the period between the outpouring 
of the Columbia lavas—approximately middle Miocene—and the 
Quaternary, the date heretofore postulated for the deposition of the 
gravels, saw in the John Day region and elsewhere in the Pacific 
Coast states not merely one but two or more vigorous deformations. 

(2) The “Satsop” conglomerate is moreover, as in the case of The 
Dalles formation, far too highly indurated to be Quaternary in age. 
In road cuts just east of Hood River this conglomerate breaks into 
blocks; some of the pebbles are cut through cleanly, as occurs in mid- 
dle Neocene or older formations, but very seldom in younger beds. 

(3) The relation in time of the “Satsop” conglomerate to gravel 
of true Quaternary age is also well shown at the Hood River locality. 
Good-sized chunks of the underlying “Satsop” conglomerate, little 
worn and still very compact, occur in the unconformably overlying 
Quaternary gravel;; the superior induration and an age for the con- 
glomerate greater than Quaternary is there very forcibly demon- 
strated. 

(4) The writers have found the “Satsop,” as Bretz reports, at 
various localities in the Goldendale region north of the Columbia 
River and across the Horseheaven plateau to the Yakima Valley. 
But instead of finding it lying unconformable across the edges of 
the Columbia basalt and the middle Neocene Ellensburg formation, 
the uniquely colored quartzitic conglomerate dips vertically down the 
steep north flank of the fold which marks the northern margin of 
the Horseheaven plateau. At the lower quarry on the switchbacks 
of the ‘““Mabton Hill,” on the Bickleton-Mabton road about ten miles 
south of the latter town, the conglomerate can be seen standing at 
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or near the base of the Ellensburg section, near the vertical Columbia 
basalt contact. Its induration here is like that in the Gorge. 

(5) Twenty miles farther north, on Snipes Mountain west of 
Sunnyside, similar conglomerates are interbedded in a section with- 
out doubt referable to the Ellensburg. 

Because of the considerations enumerated above the writers are 
convinced that the “Satsop” gravel of the Cascade Range is not 
Eocene or Quaternary, but middle Neocene. Since this formation is 
not the correlative of the Satsop of the Chehalis Valley, a new name— 
Hood River conglomerate—was applied to it in a preliminary state- 
ment of the results. of this study. The type section is at the east 
end of the Columbia River Highway bridge spanning Hood River 
just east of the town of Hood River, Oregon. 


It is quite probable that the Hood River conglomerate is a phase 
of The Dalles formation, as suggested by Bretz, but the conglomerate 
appears to be rather distinct from the volcanic series, has been and 
will doubtless continue to be discussed as a separate entity, 1s rather 
unique as a formation, and is believed to constitute a desirable carto- 
graphic unit for areal studies; hence the new formation name is pro- 
posed. 


CORRELATION 


PortLAND GRAVELS 


In a paper published in 1916, Williams recognized two distinct sets 
of gravels in the lower Williamette Valley around Portland.* 


Bretz, however, the following year seems to have grouped together 
as Satsop the unconsolidated Quaternary gravels filling the lower 
Willamette Valley around Portland and the Neocene indurated and 
deformed conglomerate, for he speaks of the “Satsop fill,” indicates 
that most of the region is covered by Satsop, mentions that in some 
places the material is indurated to a conglomerate and sandstone, 
and does not allude to the presence of two sets of gravels.? In later 
papers® he differentiates the later gravels as the Quaternary Portland 
delta gravels, and indicates that they are easily distinguishable from 
the Satsop through their freshness. 

The writers agree with Williams’s and with Bretz’s more recent view, 
of the two-fold division of the gravels in the Portland region and of 

1The Columbia Gorge: Its Geologic History interpreted from the Oolumbia River 
Highway, in The Mineral Resources of Oregon, Ore. Bur. Mines and Geol., vol. 2, No. 3, 
the Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, No. 5, 450, 
; RHI ies Pleistocene Submergence in the Columbia Valley of Oregon and Washington, 


Jour. Geol., vol. 27, No. 7, 501, 502, 1919; The Spokane Flood beyond the Scablands, 
Jour. Geol., vol. 33, No. 3, 252-257, 1925. 
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the correlation of the older set with the formation which has now been 
termed the Hood River conglomerate lying on the Columbia basalts 
in the Gorge. That the Hood River is a valley fill in a relatively 
recent Willamette Valley is negatived by its Neocene age, its enter- 
ing into the structure of the Cascades and its clear antecedence to 
the development of the present physiography of the region. It was 
deposited before the present Cascades and Willamette Valley existed; 
it is the Portland delta gravel and related deposits to the north and 
south which constitute the Quaternary valley fill. 


CoLUMBIA GorRGE GRAVELS 


At Lyle, at the mouth of Hood River, and at other points in the 
Gorge are bodies of unconsolidated gravels which were deposited by 
the Columbia River upon substantially the present topography. They 
are truly Quaternary in age, as Bretz has pointed out. They 
are entirely distinct from the Hood River conglomerate, bearing 
strikingly unconformable relations to it. The contrast in physical 
characters also emphasizes the much greater age of the Hood River. 


JOHN Day ReEcIon 


The Mascall formation lies upon the Columbia lava and almost 
certainly bears conformable relations to it, but it may not be the 
exact correlative of the Hood River conglomerate. Its age has been 
considered to be middle Miocene. 

Strong deformative movements had effected the Columbia lava and 
the Mascall before the lower Pliocene Rattlesnake formation was 
deposited; such angular unconformities between the Hood River and 
the Columbia lava are not known to exist, and it is quite certain that 
the Hood River is therefore older than the Rattlesnake. 


Rincotp FoRMATION 


In the White Bluffs of the Columbia in central Washington 500 
feet of light-colored horizontal silt are exposed. The age of these 
beds, previously considered by several writers to be Neocene because 
of their supposed equivalence to the Ellensburg formation, was 
determined to be Pleistocene on the basis of mammalian fossils.’ 
The tenor of the age determination is that the beds are older than late . 
Pleistocene. 

The Ringold is clearly distinct from, and much younger than, the 
Hood River conglomerate. It was in all probability laid down dur- 
ing the same episode of deposition which led to the formation of the 

1 John C. Merriam and John P. Buwalda, Age of Strata referred to the Ellensburg 


Formation in the White Bluffs of the Columbia River, Univ. Calif. Publs., Bull. Dept. 
Geol., vol. 10, No. 15, 257-260, 1917. 
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unconsolidated silts and gravels near Arlington, The Dalles, and in 
the Columbia River Gorge, and it probably defines their age. The 
pre-Quaternary age of the Hood River and The Dalles formation is 
therewith again indicated in view of the strong unconformity separ- 
ating the silts and gravels from those formations. 


YAKIMA REGION 


In discussing the age of the Hood River conglomerate, mention 
was made of the scattered occurrences of the quartzitic gravel across 
the Horseheaven plateau and its standing at the base of the vertical 
Ellensburg section on the Mabton Hill. This stratigraphic relation- 
ship and the faunal evidence from the two formations indicate 
approximate time equivalence. 

Bretz stated that the “Satsop” quartzitic gravel lies unconformably 
across the edges of the Ellensburg and the Yakima (Columbia) basalt 
in the Yakima country, central Washington.’ The writers have not 
examined all the localities cited by Bretz, but they corroborate the 
observation that a post-Hllensburg quartzite-bearing formation exists 
in that region. 

About one mile east of the Granger brickyards, along the railway 
on the south slope of Snipes Mountain, horizontal unconsolidated silt 
and interbedded loose gravel containing the unique red quartzite 
pebbles lie unconformably upon the Ellensburg beds so excellently 
exposed in the brickyard pits. ‘The silt and gravel are quite certainly 
the Yakima valley correlative of the Quaternary Ringold formation 
and resulted from the same temporary relative rise of base level. 


Several miles farther east, due north of the Jackson Ranch, and 
just west of the highest part of Snipes Mountain, a second red 
quartzite-bearing conglomerate, highly consolidated, is exposed in a 
pit on the crest of the ridge. The entire fold making Snipes Moun- 
tain is clearly seen in a cross-section of the ridge at this point, and 
the relations of the quartzite-bearing conglomerate indicate that it 
is without doubt a part of the Ellensburg section, which here consists 
of the usual assemblage of tuffaceous sandstone, ash, clay, gravel, 
and a basalt flow. The quartzite-bearing conglomerate on top of 
the ridge dips approximately 30° north. 

In all probability the red quartzite pebbles in the younger gravel 
were derived from the nearby exposures of conglomerate on the hill 
above, for the Yakima River carries no quartzite of this type, and 
since the landscape on which the practically undeformed silt and 
gravel were deposited already closely resembled the present topog- 


* The Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, No. 5, 455, 1917. 


24. Contributions to Paleontology 


raphy it is difficult to see how the Columbia River could have reached 
this area. 

An interesting inference arises from the fact that in central Wash- 
ington quartzite-bearing conglomerate is interbedded with the ande- 
sitic sediments of the Ellensburg. It is that in middle Neocene time, 
after the close of the eruptions of Columbia basalt and previous to the 
Pliocene folding, the directions of drainage across the basalt plateau 
were already much like those of today, for the quartzite quite cer- 
tainly came from northeastern Washington and adjoining parts of 
the Rocky Mountains of Idaho and British Columbia, whence the 
Columbia is bearing it today, while the andesitic detritus was with 
little doubt derived from the present site of the Cascades. The 
sources of the Columbia and of its tributaries lie in those same areas 
at present. The detailed drainage pattern was doubtless quite dif- 
ferent, and changed continuously over the aggrading gravel plains 
of that period. 


MetuHow PENEPLAIN 


Bretz states’ that “* * * little hesitation is felt in correlating the 
eroded surface named the ‘Methow peneplain’ with the eroded surface 
beneath the Satsop formation in the Cascade Range.” The Methow 
peneplain was described by Bailey Willis and George Otis Smith? 
for central Washington; it is reported to bevel both the Columbia 
lavas and the Ellensburg formation. In view of the apparent simi- 
larity in age of the “Satsop” (Hood River) conglomerate and the 
Ellensburg, it is much more probable that any erosion surface in the 
Cascade Range, which is the correlative of the Methow peneplain, 
truneates rather than lies beneath the Hood River conglomerate. 


AGE OF THE CASCADE RANGE 


Williams * and Bertz * regarded the Cascade Range in the Columbia 
Gorge region as Quaternary in, age. Williams states that the “Sat- 
sop” enters into the deformation of the Cascade Range and that it 
appears to belong to the Pleistocene. Bretz lists the age determina- 
tions of beds at some five Pacific Coast localities with which he cor- 
relates the “Satsop” of the Gorge, and then states—“If the foregoing 
determinations are correct, the Cascade Range, at least in this por- 
tion, is of Quaternary age.” Even if we consider that the deposition 
of the hundreds of feet of “Satsop” of the Gorge occurred early in 

17The Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, No. 5, 456, 1917. 

2U. 8. Geol. Surv. Prof. Paper 19, 1903. 

2The Columbia River Gorge: Its Geologic History interpreted from the Columbia 


River Highway, in The Mineral Resources of Oregon, vol. 2, No. 3, 128-130, 1916. 
4The Satsop Formation of Oregon and Washington, Jour. Geol., vol. 25, No. 5, 458, 1917. 
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the Quaternary the uplift of the Cascade Range and the cutting of 
the Gorge could not on this basis of reasoning have begun much 
before middle Quaternary time. 


No reason has arisen to question the essential correctness of the 
age determinations of the beds at different localities on the Coast 
with which Bretz correlates the “Satsop” of the Gorge; but the corre- 
lation is incorrect. Uplift of the range and cutting of the Gorge 
commenced earlier than middle Quaternary. 


The age of the present range and of the present gorge as distin- 
guished from a possible earlier range and transverse valley, which may 
have existed in the Gorge region in Hood River time, is rather 
definitely determined by the facts now available. The uplift and 
cutting of the present range and gorge occurred after the deposition 
of the Hood River conglomerate; the writers agree fully with Williams 
and Bretz that this formation enters into the structure of the range. 


On the other hand there is reason to think that the uplift began 
before the deposition of at least the younger parts of the andesitic 
lava series known as the Cascades formation which overlies the Hood 
River and whose exact age is unfortunately not known to the writers. 
While Williams’s cross-section suggests that part of this series may 
enter into the structure of the range he states ‘“CContemporaneous 
with its progress [the uplift] the andesitic lavas came in increasing 
profusion.” The Cascades formation is, moreover, not one which 
would require a long period for its accumulation; if it required part 
of the Pliocene for its deposition, a considerable part of upper and 
perhaps middle Pliocene would remain in which the uplift of the 
range and the cutting of the Gorge could be initiated. 


That a fraction of the Pliocene as well as the Quaternary was in- 
volved in the uplift and cutting is strongly suggested by certain 
other evidence. Glacial deposits occupy areas in the Hood River 
valley, reaching well down to the Columbia River. The topography 
has been modified in detail since these tills were laid down, but post- 
uplift erosion had already sculptured the landscape, including the 
Gorge, to essentially its present form before their deposition. Bretz 
states that the lowest till is probably not attributable to the last 
glacial advance. Apparently the task of cutting the Gorge had 
been essentially completed before late Pleistocene. 

This conclusion is also indicated by the relation of the bodies of 
gravel which lie within the Gorge and which extend out of its western 
mouth as the Portland delta. Bretz regards these as related to the 


1The Late Pleistocene Submergence in the Columbia Valley of Oregon and Washington, 
Jour. Geol., vol. 27, No. 7, 495, 1919. 
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Spokane glaciation, and as pre-Wisconsin ;* hence at some date before 
late Pleistocene time the Gorge had already assumed approximately 
its present form and proportions. 

It might nevertheless be held that the duration of the remaining | 
earlier portion of the Quaternary might suffice for the uplift of the 
Cascade Range and the cutting of the Gorge. But if the fraction 
of the Quaternary which has elapsed since the earlier till was deposited 
is roughly a quarter or a sixth of that period, which seems a reason- 
able estimate, the ratio of the excavation made by the Columbia 
and its tributaries, in pre-till time is enormously greater than four 
or six times the amount of post-till dissection. This would point 
to a requirement of more than merely the pre-till fraction of Quater- 
nary time for the; excavation of the Gorge. 

The writers are therefore of the opinion that the beginning of the 
development of the present Cascade Range and the Columbia River 
Gorge occurred not in the Quaternary but in upper Pliocene time. 


‘1The Spokane Flood beyond the Channeled Scablands, Jour. Geol. vol. 33, No. 2, 
252, 1925. 
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OREODONTS FROM THE SESPE DEPOSITS OF SOUTH 
MOUNTAIN, VENTURA COUNTY, CALIFORNIA 


INTRODUCTION 


The Sespe deposits, a thick series of beds regarded as of non- 
marine origin, occupy a stratigraphic position in the Tertiary se- 
quence of the Pacific Coast region between the Tejon marine Eocene 
and the Vaqueros marine Miocene. As mapped by W. 8. W. Kew 
the Sespe beds are seen to possess an extensive distribution in south- 
ern California, occurring not only at the type locality on Sespe Creek, 
but are exposed also over broad areas along the borders of the Santa 
Clara Valley in Ventura County and in adjacent regions. Since their 
earliest study and description, these deposits have exhibited among 
other peculiarities an apparent absence of fossil remains. Because of 
the lack of paleontological materials, determination of the age of the 
Sespe has depended upon its stratigraphic position and upon the 
recognition of the faunal stages of the marine invertebrate assem- 
blages known from deposits which immediately underlie and overlie 
this accumulation. Since the Tejon is generally regarded as of Upper 
Eocene age and the Vaqueros as belonging to the Lower Miocene, 
various ages ranging from Eocene to Lower Miocene have been 
ascribed to the Sespe. The view has also been entertained that the 
period of accumulation of the Sespe accounts for much of geologic 
time that has elapsed since the Upper Eocene and prior to the Tem- 
blor stage of the Miocene. 

In recent years attention has been directed to the Sespe beds as 
exposed on the south side of the lower Santa Clara Valley near Santa 
Paula, California, as a result of the discovery of mammalian remains 
in these deposits by Dr. Nicolas L. Taliaferro. Following this dis- 
covery, further search in the area has brought to light additional 
material. The occurrence of mammalian remains is of considerable 
interest and importance since it affords an opportunity to present 
noteworthy data on the age of the Sespe and on the correlation of this 
accumulation with early Tertiary continental deposits of the Great 
Basin and Great Plains provinces. 


Furthermore, the materials available represent two distinct genera 
of oreodonts related to Promerycocheerus and Leptauchenia. ‘This 
occurrence therefore records for the first time the presence of a type 
allied to the former genus west of the John Day region in north- 
central Oregon and of a member of the Leptauchenia-Cyclopidius 
eroup west of the Great Plains. 
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OCCURRENCE 


In a recent bulletin’ on the geology and oil resources of southern 
California, W. S. W. Kew has discussed in detail the Sespe deposits 
as exposed in the region of South Mountain near Santa Paula, Cali- 
fornia. There appears to be no reason for hesitancy in the correla- 
tion of the beds called Sespe at South Mountain with the Sespe as 
represented at the type locality on Sespe Creek north of the Santa 
Clara Valley, in view of the close proximity of the two regions and in 
view of the similarity of the sedimentary materials of the two areas, 
despite the fact that there is in general a difference in type of indura- 
tion of the deposits. Moreover, at the type locality the Sespe rests 
with apparent unconformity on the Tejon Eocene but is comformable 
with the overlying marine Miocene, determined as the Vaqueros 
horizon on the basis of invertebrate fossils. On the north side of 
South Mountain, south of the Santa Clara Valley, the base of the 
Sespe is not exposed. At the top of the section the Sespe is, however, 
again conformable with the marine Miocene, here also determined as 
the Vaqueros horizon. 

A measured section of the basal portion of the Vaqueros and of the 
Sespe of South Mountain has been kindly furnished by Dr. N. L. 
Taliaferro. This is given as follows: 


FEET 
Vaqueros 
Jose bTETONOIS} iankswebavey SeCIRoyaVs. 100 
Acidlandesite sn tRusive chil wu hee a eRe) AEE EUR seat a ee 250 
Sespe 
(1) Gray and greenish-gray sandy shale, gray sandstone, light conglomerates, 
red. and brown"sandy;shalehw sis: Pee eee een eee eee 650 
(2) Finely laminated red and maroon shale, gray, green and red standstone 
andathinglayersiotgel call min esto 1 es meee aaaaeaaaan ease an anenng oO 300 
(3) Gray and red sandstone with minor amounts of shale. 500 
(4) Red, green, gray sandstone and maroon sandy shale; a greater 
TOURONOOLMUKONAL CONE TSlovAKe) wwovaiay hoy ((S}) ._ 650 


Bottom of Exposed Sespe 
(5) Lower divisions of Sespe as recognized in well borings: Alternating 
layers of red sandy shale, red clayey sand, blue-gray shale, and gray 
sandstone; logged in wells as “brown shales” but always with distinct 
oaMROOIN, (Golkoye ‘None Cull sarees 4000+ 


Bhickness ‘of Sesp esis. isi ae eee a ald ML ke SAA oti MeO EO 6100+ 


The stratigraphic position of Promerycochcerus ? occurred within 
division (1) 600 to 650 feet below the top of the Sespe. The skull 
and jaws of the leptauchenid were found somewhat lower in the sec- 
tion, occurring in division (4) approximately 2000 feet below the top 
of the Sespe. In view of the vertical difference of approximately 
1400 feet between the positions of the two oreodonts, it should be 
noted that the original fragments discovered by Dr. Taliaferro, and 
which possibly belong also to a small leptauchenid known by 
more complete material from the lower level, were found approxi- 

*Ww.S. W. Kew, U. S. Geol. Surv. Bull. 753, 1924. 
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mately 100 feet below the position of Promerycocheerus ?. Further- 
more, all of the vertebrate occurrences thus far noted lie within the 
upper third of the entire series recognized as Sespe on the north side 
of South Mountain. While the recognition of more than a single 
faunal unit in the upper 2000 feet at this locality may not be war- 
ranted, at least on the basis of the oreodont types now known, there 
may in reality be recorded within this thickness a replacement of the 
leptauchenid by Promerycochcerus ?. Increased collections will doubt- 
less reveal more clearly the Sespe mammalian succession. 


DISCUSSION OF RELATIONSHIPS AND AGE OF UPPER SESPE OF 
SOUTH MOUNTAIN 


COMPARISON OF UPPER SESPE WITH JOHN Day AND LOWER RoSEBUD 


Fortunately the two types of mammals thus far recorded from 
the upper Sespe of South Mountain belong to groups found else- 
where in Miocene and Oligocene assemblages. As previously men- 
tioned the occurrence of Promerycocherus ? and a leptauchenid on 
the Pacific Coast extends considerably the known geographic distri- 
bution of these groups of oreodonts. 

In the Tertiary sequence of the John Day region of north-central 
Oregon the genus Promerycocheerus makes a sudden appearance in 
the upper John Day. The absence of this oreodont in the middle 
division of the John Day and the prevalence of the type in the upper 
deposits, early led Wortman to designate the latter as the Meryco- 
cheerus (Promerycocheerus) beds. Further paleontological explora- 
tions in this region have tended to emphasize this distinction. Curi- 
ously enough, while much intensive collecting has been conducted in 
the John Day, members of the Leptauchenia-Cyclopidius group have 
been conspicuously absent from the entire assemblage. 

Originally regarded as Miocene by Cope, Marsh and others, the 
John Day on further study of its stratigraphic and faunal relation- 
ships by Merriam and by Merriam and Sinclair was referred to the 
upper Oligocene. In recent years the critical studies of the Tertiary 
formations and faunas of the John Day area, under the leadership of 
Dr. John C. Merriam, have served to emphasize the noteworthy dif- 
ferences existing between the John Day and the later Tertiary 
deposits and faunas in this region. The Mascall mammalian assem- 
blage is distinctly removed from that of the John Day and 1s clearly 
much more advanced. The Mascall is currently regarded as middle 
Miocene in age. The disparity in age between the Mascall and John 
Day is further indicated by the length of time involved in the extrava- 
sation of the great Columbia lava series lying below the Mascall 
and by the marked hiatus separating the Columbia lavas from the 
John Day beneath. 
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The absence of representatives of the Leptauchenia-Cyclopidius 
group in the John Day fauna appears hardly to be accounted for on 
the basis of fortuitous collecting. Rather does it suggest, perhaps, 
that the distribution of these oreodonts never extended into the region 
of the John Day basin during the period of accumulation of the 
John Day deposits. 

Matthew in describing the lower Rosebud fauna of South Dakota 
recognized its relationship to the John Day, particularly the upper 
division of the latter, as shown by the presence of similar types. 
Matthew points out that the majority of the species from the lower 
Rosebud and many of those from the upper Rosebud are to be referred 
to John Day genera. He remarks, furthermore, that whenever com- 
parisons are made on adequately preserved material, the Rosebud 
species show a considerable advance beyond those in the John Day 
fauna. It should be stated also that the lower Rosebud assemblage 
includes both Promerycocheerus and Leptauchenia. 

Matthew regards the lower Rosebud fauna as of lower Miocene 
age. While this fauna is clearly related to that of the John Day 
there is considerable difference in thickness of the formations in 
which these assemblages occur. The Great Plains deposits referred 
to the lower Miocene are relatively thin, although the difference in 
thickness of the Rosebud and John Day may be due, as Matthew 
suggests, to a difference in type of material accumulated and in the 
rapidity with which the sediments were laid down. In thickness 
of deposits the upper Sespe resembles more closely the John Day 
than the Rosebud. 

The presence of Promerycocheerus ? and a leptauchenid in the upper 
Sespe suggests a correlation with the lower Rosebud. The leptauchenid 
occurring in the Sespe is, however, smaller than and differs in certain 
structural characters from any described representative of the 
Leptauchenia-Cyclopidius group from the Great Plains region. In 
view of the known geologic range of the group the occurrence in 
California would presumably not be older than upper Oligocene or 
younger than middle Miocene. Were the occurrence to be regarded 
as older than upper Oligocene it would necessitate recognition of 
an earlier appearance of true leptauchenids and Promerycocheerus ? 
on the Pacific Coast than elsewhere on the North American con- 
tinent. The occurrence of these two types of oreodonts in a con- 
formable series of deposits having a thickness of approximately 2000 
feet suggests that the period of accumulation includes that represented 
by the deposits containing the lower Rosebud fauna. 

In the Great Plains region the lower Rosebud appears to be 
stratigraphically continuous with the White River, and the beds 
which lie between the characteristic faunal zones of these deposits 
have yielded almost exclusively remains of Leptauchenia. A some- 
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what similar relationship may prevail within the upper Sespe if it 
is ultimately shown that the range of the leptauchenid extends from 
a level 2000 feet below the Vaqueros contact to a level approximately 
1400 feet higher in the section and the downward range of 
Promerycocheerus ? does not extend much below its present recorded 
level of 600 to 650 feet below the Vaqueros. 

While the large oreodont from the Sespe is presumably referable 
to Promerycocheerus, a more detailed determination of relationship 
of this type to the several species known from the upper John Day 
is difficult on the basis of the material now available. Occur- 
rence of closely related types at the California and eastern Oregon 
localities is of considerable importance, particularly in view of the 
relatively short geologic range of the genus. Loomis? states that the 
range of Promerycocherus extends from lower to middle Miocene. 

The time relations of the oreodonts from the upper Sespe to those 
recorded from the John Day and lower Rosebud are expressed in the 
following table: 


PACIFIC COAST COLUMETARIVER GREAT PLAINS 


Upper Rosebud 
M 


arine , 
Columbia Lavas 


Unconformity 


Yaqueros 


Promerycochoerus 
Lower Rosebud Leptauchenia 


Leptauchenia Zone 
Brule ---- 


Oreodon Zone 


Conformity 


Promerycochoerus 
upper | Y Upper {Promerycochoerus 


> 
& 
Leptauchenia = Middle {E; poreodon 
S 
>) 


: Lower Miocene 


Lower 
Clarno 


White River 


S 
8 
B 
S 


Chadron {ri tanotherium Zone 


Upper Eocene 


Fig. 1—Comparative table showing position of Miocene and Oligocene oreodonts 
in Tertiary faunal provinces of western North America. 


AcE RELATIONS OF UppeR SESPE AND VAQUEROS 


Determination of age of the upper Sespe is necessarily influenced 
by the fact that the land-laid sediments of this formation grade up- 
ward without structural break into Miocene strata recognized as the 
Vaqueros horizon. According to Kew,” the Vaqueros in the region 
mapped by him possesses a characteristic assemblage of marine mol- 
lusks of which the commonest type is Turritella inezana. On the 
basis of this fauna a fairly safe correlation can be made with the 
Vaqueros at the type locality on Vaqueros Creek, Monterey County, 

*F. B. Loomis, Miocene oreodonts in the American Museum, Bull. Amer. Mus. Nat. 


Hist., vol. 51, pages 1-37, 1924. 
7W.S. W. Kew, ibid., page 46, 1924. 
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California. In west coast Tertiary sequence of marine formations, 
the Vaqueros has been generally regarded as lower Miocene in age. 

In a comprehensive review of the stratigraphic and palzontologic 
correlation of the Monterey series of the Coast Ranges of California 
with special reference to the occurrence of the Merychippus fauna 
of the North Coalinga region, Merriam? discussed the stratigraphic 
and faunal relationships of the Temblor and the Vaqueros horizons. 
Within the Temblor, which name Merriam was inclined tentatively | 
to use for deposits containing the J'urritella ocoyana fauna, occurs 
the Merychippus zone. This vertebrate assemblage was regarded as 
not older than the stage of the middle Miocene as represented by 
the Mascall and Virgin Valley faunas of the Great Basin region. 

The Vaqueros fauna distinguished particularly by the marine 
gastropod Turritella inezana has been regarded by a number of in- 
vestigators as distinct from the Temblor assemblage and indicative, 
at least in part, of an earlier stage in the Miocene. The occurrence 
of Promerycocherus ? and a leptauchenid in beds continuous with 
marine strata containing the 7’. inezana fauna is strongly suggestive 
of a difference in age between the Vaqueros of the South Mountain 
region and the Temblor as recognized in the North Coalinga area. 
If the Merychippus zone, featured particularly by the presence of 
Merychippus californicus, approximates middle Miocene in age and 
if the Vaqueros is not far removed in time from the upper Sespe, 
then the Vaqueros certainly represents a stage distinctly older than 
middle Miocene. In the region mapped by Kew, the Vaqueros is 
followed upward by the Topanga marine formation referred to the 
middle Miocene and this in turn by the Modelo marine formation 
referred to the upper Miocene. 


RELATION OF THE UPPER SESPE TO THE TECUYA 


A small vertebrate fauna including a hypertragulid, a rhinoceros, 
and a sciurid, was described by Stock? from the Tecuya red beds of 
Tecuya Canyon, California. This assemblage was recognized as older 
than any Tertiary mammalian fauna described from the Coast Ranges, 
and related to that of the John Day and lower Rosebud. The Tecuya 
beds were correlated tentatively with the Sespe. Clark ® states that 
beds containing a Vaqueros fauna are found immediately below the 
land-laid deposits, and that marine beds immediately above are be- 
lieved to represent the same horizon. Clark has therefore referred 
the Tecuya beds to the lower Miocene. 

Unfortunately a comparison of the mammals known from the 
Tecuya with those from South Mountain must await larger collections 


1 J.C. Merriam, Trans. Amer. Philos. Soc., vol. 22, pt. 3, n. s., pages 4-26, 1915. 

2C. Stock, Univ. Calif. Publ., Bull. Dept. Geol., vol. 12, pages 267-276, 1920; H. W. 
Hoots (U. 8. G. S. Bull. 812-D, p. 263, 1930) has indicated that the correct spelling of 
the name of these deposits is Tecuya, not Tecuja. 

’B. L. Clark, Jour. Geol., vol. 29, pages 598-599, 1921. 
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from both localities. If the Tecuya beds are intercalated in the 
Vaqueros, their age, while possibly slightly younger than that of the 
upper Sespe of South Mountain, may not differ greatly from that of 
the latter locality. 


SIGNIFICANCE OF CORRELATION OF UPPER SESPE WITH REFERENCE TO HUROPEAN 
TIME SCALE 


A noticeable feature of the Tertiary record in the Coast Ranges 
of California is the total thickness of the marine formations referred 
to the Miocene. It is inconceivable that further shifting of position 
of west coast deposits situated near the boundaries of the Miocene may 
not occur in future, thereby making this period either more or less 
inclusive in so far as its stratigraphic record is concerned. While 
the relative length of the Miocene with reference to the entire Tertiary 
record as established on the Pacific Coast compares favorably with 
that of the European standard scale, this comparison does not ap- 
parently prohibit the inclusion of a further sedimentary record within 
the lower boundary of the Miocene. 

Much remains to be known concerning the time relations of par- 
ticular Miocene marine faunal horizons in California to those of the 
Old World. In recent years, however, some information has been 
secured which furnishes at least a suggestion as to the correlation 
of individual divisions of the Miocene. Thus Woodring? has dis- 
cussed the significance of certain mollusks in the Bowden fauna of the 
Caribbean referable apparently to the Turritella ocoyana phylum of 
the Temblor of California. Obviously a correlation of the Bowden 
and the Temblor is clearly in need of further substantiation based 
on evidence other than that drawn from relationships within a single 
eroup of marine invertebrates. This has been fully recognized by 
Woodring. The Bowden stage, according to Woodring, is definitely 
related to the Vindobonian of Europe. The Vindobonian is regarded 
as middle Miocene. Since this division is followed below by the 
Burdigalian and the Acquitanian before the base of the Miocene is 
reached as at present determined, it appears possible that not only 
the Vaqueros but also some portion of the Sespe may be assigned to 
the Miocene. Matthew,” in discussing the problem of correlation of 
the Cenozoic formations of the Great Plains and particularly the 
Kuropean equivalents of the North American vertebrate faunal 
horizons, pointed out that the evidence as it appeared at that time 
tends to depress the North American Cenozoic column, thereby 
necessitating the correlation of particular zones with older European 
horizons than those generally accepted. If in the present instance we 
include a portion or all of the upper 2000 feet of Sespe occurring at 


1W. P. Woodring, Carnegie Inst. Wash. Pub. No. 385, pages 97-99, 1928. 
2'W. D. Matthew, Bull. Geol. Soc. Amer., vol. 35, pages 743-754, 1924. 
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South Mountain in the Miocene, not only is a considerable addition 
made to the sedimentary record of this period but the transfer would 
apparently tend to elevate somewhat the Vaqueros from its present 
position. On the other hand, the Vaqueros marine stage may be in 
part at least the equivalent of the upper portion of the Sespe, thus 
obviating the necessity for any considerable change in position in the 
lower Miocene. 


SUMMARY STATEMENT OF AGE AND RELATIONSHIPS OF UPPER SESPE 


In recapitulating, the following facts appear of special significance: 


(1) Within the upper 2000 feet of the Sespe formation as exposed 
at South Mountain, Ventura County, California, occur two oreodont 
genera related to Promerycochcerus and Leptauchenia. 


(2) The presence of these forms suggests a correlation of the 
upper Sespe deposits or at least of the uppermost division of these 
beds with those of the lower Rosebud of the Great Plains and with 
those of the upper John Day of north-central Oregon. 


(3) Taking into account all evidence at present available relating 
to the age of the upper portion of the Sespe, the conclusion seems 
warranted that the period of accumulation of the deposits containing 
Promerycocheerus ? falls within the lower Miocene. 


(4) The position and relationships of the upper Sespe with 
reference to the Vaqueros formation do not preclude the lower 
Miocene age of a portion of the former deposits. It follows that the 
change from land-laid to marine-laid sediments occurred within the 
Miocene rather than at the beginning of this period in the South 
Mountain region. 


ENVIRONMENTAL CONDITIONS DURING UPPER SESPE TIME 


The lithologic characters of the deposits referred to the Sespe of 
southern California present interesting problems relating to the con- 
ditions under which the sediments accumulated. A striking feature 
is a prevailing red color, although locally this may be subject to some 
variation. ‘The presence of a red color has been regarded by several 
investigators as indicative of arid conditions during the period of 
deposition of the Sespe. Recently, Reed? has summarized all avail- 
able information regarding the distribution, primary structures and 
physical features of the Sespe with a view to further recognition of 
the conditions under which the sediments were laid down. Reed 
concludes that the climate during Sespe time was certainly not more 
than semiarid and that the degree of weathering of the sediments 


1R. D. Reed, Bull. Amer. Assoc. Petrol. Geol., vol. 18, pages 489-507, 1929. 
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derived from adjacent land areas suggests warmth and humidity. 
He remarks, furthermore, that the basin of deposition may have 
been less humid with possibly an alternation of wet and dry seasons. 
Obviously whatever inferences may be drawn from the presence 
of mammals in the Sespe as to the environmental conditions under 
which these forms existed, their value may be augmented or 
diminished as the vertebrate life of the whole of Sespe time becomes 
more completely known. Our knowledge of the fauna is still restricted 
to that secured from the upper portion of the Sespe and is further- 
more dependent upon two forms now extinct. The presence, how- 
ever, of types similar to those associated with relatively large faunas 
elsewhere furnishes a basis for obtaining certain suggestions as to the 
conditions under which these forms existed in the Californian region. 
Loomis* in discussing the structural features and adaptations of 
members of the family Oreodontide makes the following statement: 


Throughout the whole group there is great uniformity in the character 
of the dentition and the feet. There is none of the progressive adaptation 
and change characteristic of the grazing types, and I feel that this is prob- 
ably due to a constancy in the type of food and feeding-ground. I should 
take the food to be leaves, seeds and fruit; and the feeding-ground the 
more or less wooded valleys along the streams. One feature characteristic 
of the group tends to confirm this, and that is the distinctness of the 
faunas from the different localities. The genera are widely distributed, 
but the species are local. It would seem that of the various river valleys 
each had its group of oreodonts, and, when there was a change in climate 
or other living conditions, the fauna of any given valley was either exter- 
minated or replaced by a new immigration. 


Loomis* has also remarked that the extremely light-limbed and 
short-headed Leptauchenia and Cyclopidius represent some special 
adaptation which is very difficult to interpret. 

The remains of Promerycocherus ? found in the upper Sespe 
occurred in a rather poorly consolidated, medium-grained sandstone, 
green in color but mottled with red. The characters possessed by 
this type do not exclude it from occupying an environment such as 
that postulated for the Oreodontidze by Loomis. It is conceivable 
that Promerycochcerus ? frequented more or less wooded regions 
adjacent to stream courses in upper Sespe time. The habits and 
habitat of the much smaller leptauchenid still remain obscure. It 
may be doubted whether these mammals existed in a region char- 
acterized by a climate more severe than semiarid. 


1F. B. Loomis, Bull. Amer. Mus. Nat. Hist., vol. 51, page 17, 1924. 
2F. B. Loomis, ibid., pages 15 and 17, 1924. 
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DESCRIPTION OF MATERIAL 


Leptauchenia ? (Sespia) californica n. subgen. and sp. 


Type specumen—Facial and palatal portions of skull and portions of 
horizontal rami of lower jaw, No. 27720 Univ. Calif. Pale. Collections. 

Subgeneric characters—Skull with large antorbital vacuities; nasals long 
and narrow; ramus of mandible relatively deep. External styles on upper 
molars less developed than in Leptauchenia. Styles on inner walls of 
lower molars feebly developed or absent. M3 with inner wall of posterior 
lobe projecting but slightly past the inner wall of the middle lobe. No 
overlapping of inner enamel wall of middle lobe by inner wall of anterior 
lobe in MB. 

Specific character—Extremely small size, the Sespe type being con- 
siderably smaller than Leptauchenia nitida. 

Sespia appears to belong unquestionably to the Leptauchenia-Cyclopidius 
eroup. This is clearly shown by the presence of a large antorbital vacuity, 
compressed nasals, hypsodont dentition, and by the structural characters 
of the premolars. The palate is relatively wide in No. 27720. In relative 
depth of lower jaw Sespia resembles Cyclopidius. A remarkable character 
is the diminutive size of this form. Sespia resembles in size Oreonetes 
anceps and is smaller than Limnenetes platyceps of the lower Oligocene. 

Unfortunately in the specimen from the upper Sespe, the orbital and 
cranial portions of the skull are not preserved and the face has suffered 
some crushing. The nasals are narrow slender elements which may expand 
anteriorly as in Cyclomdius. The enlargement of the antorbital vacuity 
may be due in part to lack of preservation of the facial wall. The upper 
border of the vacuity is rather well defined by the nasal, but the remaining 
borders are not so clearly outlined. An antorbital foramen is situated above 
the anterior end of Pm4. 

The upper incisors are not preserved. The canines are relatively long 
slender teeth, slightly recurved. ‘The cheek-teeth have extremely long 
crowns. The upper premolars appear to have an oblique position in the 
jaw as in Leptauchema. In Pml1, Pm2 and Pms the enamel pattern is 
comparatively simple, due in a measure to the worn condition of the 
teeth. As in Leptauchenia and Cyclopidius these teeth possess a prominent 
external wall of enamel and a postero-internal expansion of the tooth- 
crown. Loomis has remarked that the peculiar appearance of the anterior 
premolars in Leptauchenia is due to the suppression of the anterior basin. 

In the molars, of which only M1 and M2 are present in No. 27720, 
the external styles are seemingly not so well developed as in Leptauchenia 
decora. Furthermore, the external enamel surfaces of the outer crescents 
in M2 are flatter than in the latter genus. The proportions of the anterior 
and posterior pair of crescents in this tooth are somewhat unlike those in 
Leptauchenia. 

Crowns of the lower canines and incisors are lacking. The latter 
teeth were presumably of minute size. Whether or not the complement 
of incisors consisted of three or two teeth on each side can not be satis- 
factorily determined because of the incomplete preservation of the alveolar 
border of the anterior end of the ramus. It is possible that only two 
incisors were present on each side of the lower jaw as in Cyclopidius. 

PI projects distinctly above the level of the tooth-row. The enamel pat- 
tern exhibited by the occlusal surfaces of the lower premolars resembles 
that in Leptauchenia. In the posterior premolars the posterior crest is 


Oreodonts from the Sespe Deposits 39 


widened transversely as in the latter genus. In Pm8 a slight fold is present 
on the inner side of the anterior crest, but no evidence of this fold remains 
on Pm4. In Sespia the development of the fold is less advanced than in 
L. decora. 

The inner surface of M3 is flat, lacking the presence of a ridge or fold 
in the region between the two major lobes of this tooth. The inner wall 
of the posterior or third lobe projects but slightly beyond the inner wall 
of the middle lobe. The external crescents are rounded. The ramus 
appears relatively deep, more so than in Leptauchenia. The masseteric 
fossa extends forward to a point below the posterior end of M3. 

Sespia appears in some respects less advanced than either Leptauchenia 
or Cyclopidius. The Sespe form is distinctly smaller than any described 
species of the Leptauchenia-Cyclopidius group. In size of antorbital 
vacuity, slenderness of nasals and relative depth of lower jaw, Sespia 
may approach Cyclopidius. Possibly Sespia represents an early division 
of the Leptauchenia group tending toward Cyclopidius. 


The writer is greatly indebted to Dr. W. J. Sinclair and to Dr. F. B. 
- Loomis for expressions of opinion as to the relationships of the Sespe 
leptauchenid and for specimens of Great Plains species of 
Leptauchenia presented to the California Institute of Technology. 


Measurements (in millimeters) of No. 27720 U. C. Coll. 


Width measured between outer surfaces of skull above M1........000000200000. eee 24.2 
Will Chao teen sal sive Gant Cl lle vn (QT P2011 aCe) eee 5. 
NWidthwotapalatembetweensrourcheuppermspremolarse see eens ee ee NAG 
Length from anterior end of Pml to posterior end of M2......00..0..0.....eeei eee eee 28.7 
Length from anterior end of Pm] to posterior end of Pm4........00....00...22..c220cceeeeeeeeeeeee 15.6 
Length from anterior end of PmI to posterior end of M3 (approximate).................... 36. 
Length from anterior end of PmI to posterior end of Pm4..........00...00.0.200.200c00cc00-- 14.3 
ANCERODOSLEHIONMGIAMeLerAnOLM lows sem ent se. Seed AU es lone 10.7 
Greatest transverse diameter of MB...................... EN Nee MA Lit A eMart aN 4.1 


Promerycocherus ? hesperus n. sp. 


eee specumen—A fragmentary lower jaw, No. 27003 Univ. Calif. Pale. 
oll. 


The type is smaller than the species Promerycocherus macrostegus and 
P. superbus from the John Day. The molar teeth lack a pronounced de- 
velopment of cingular cusps between the walls of the external crescents. 
Teeth slightly less hypsodont than in Promerycocherus, in which respect 
No. 27003 may approach Mesoreodon more closely. In Pm4, the internal 
extension of the posterior crest appears bifurcate, with a spur projecting 
forward and inward. 

Loomis‘ in a critical examination of the structure and relationship of 
oreodont genera places considerable reliance on the structural characters 
of the premolar teeth of these forms. In view of the incompleteness of the 
material of the large oreodon available from the upper Sespe, determination 
of this type is of necessity largely dependent upon a comparison of the 
enamel pattern of the lower premolars. Fortunately these teeth are pre- 
served and are in a moderate state of wear in No. 27003. Seemingly the 
structural features of the premolars, particularly Pm3 and Pm4, are suffi- 
ciently diagnostic to permit recognition of generic relationship. The Sespe 


*F. B. Loomis, Bull. Amer. Mus. Nat. Hist., vol. 51, pages 1-37, 1924. 
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species is presumably most closely related to Promerycochceerus and Mesore- 
odon. It is interesting to note that the former genus, according to Loomis, 


Fic. 2—Promerycocherus ? hesperus n. sp. Ramus of mandible, No. 27003 U. C. 
Coll.; lateral view of ramus and occlusal view of teeth, x 0.50. Upper 
Sespe beds, South Mountain, Ventura County, California. 


has a geologic range from lower to middle Miocene, while the latter form 
based upon the species M. chelonyx and M. megalodon occurs in the 
lower Miocene. 

In the following table the characters listed in the first two columns are 
those given by Loomis for the genera Mesoreodon and Promerycocherus. 
In the third column are given the characters of the Sespe form. 

The ramus of the mandible, No. 27003 U. C. Coll., is shown in figure 3. 
The comparisons made in the table apparently indicate a closer resemblance 
between the Sespe type and Promerycocherus than between the former 
and Mesoreodon. ‘This is expressed also when the premolars are compared 
with the figures given by Loomis! for Promerycocherus grandis and 
Mesoreodon megalodon. 

While the condyle of the lower jaw is not completely preserved in No. 
27003, the notch on the posterior rim of the vertical ramus below the con- 
dyle is apparently not so well defined as in known species of the genus. 
A small but relatively deep depression lies below and in front of the 
condyle. 


*¥F. B. Loomis, op. cit., fig. 5, page 8, 1924. 
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Measurements (in millimeters) of No. 27003 U. C. Coll. 


Depth of ramus from condyle to angle (approximate) ........0.0.........2.--.ccscccececeeeececeeeeeeecee 120. 
Depth of ramus from top of coronoid process to angle (approximate) ........0.....0..-.-0--- 192, 
Depth of ramus below anterior end of M3, measure normal to ventral bordev........ 45.7 
Length from anterior end of PmI to posterior end of M3 (approximate)................ 147.6 
Length from anterior end of PmI to posterior end of Pm4 (approximate)................ 69.3 
Length from anterior end of MI to posterior end of M3 (approximate).................... 78.3 
MoM AN CELODOSLERI OMe GTA CLC Teen nat oe Mecne eather Rue Mae hts leh ene Se, Sete g ies Set eesloaussaexs® 18. 
IP Moorea teStMmLEANSVeLSC rm Glam Cle Ie sree ene ets cease en aoe coat acne eee eReA Estas react Mie csaducses 9.3 
Pm4ésanteLopOscerlO neal ame Lerma tia Sel Olin CT: O)ylleee eases eee ne cee ere 19.5 
Ipmasmorea testa trans yersemalameberienawwrte: tie, tute erie ciscecste cages, seeeste reese ME nee 13.5 
IMiSSm an TErOPOSLETION RAG LATNC LOI eases terete eet eee SNe nee EN ee Mut acres cSevevul gb cree tect ies 37.6 
IMSenomea Lest than s Vie LSC Cla ID CLE Tartare Net reece tee nota nal tee uel a as ian SE 16.9 


Comparison of characters of lower premolars 


Promerycocherus ? 


Mesoreodon Promerycocherus 
hesperus, n. sp. 


Lower premolars narrow| Anterior lower premolars 


and compressed. compressed. 
Pm3: Pm3: Pm3: 

Only rear portion of No anterior crescent. No anterior crescent. 
posterior crescent de- Weak posterior cres- Weak posterior  cres- 
veloped; united with cent. cent. 
posterior intermediate Posterior intermediate Posterior intermediate 
crest. crest well developed; crest extends ob- 

completely divides liquely backward and 
posterior basin. divides posterior 
basin. 
Pm4: 
Pillar-like median in- 
Pmé4: k Pmé: ; ; ternal cusp greatly en- 

Pillar-like cusp not so Pillar-like cusp at junc- larged; anterior end 
prolonged forward as tion of posterior abana sail Sm age 
in Hporeodon, but crescent and median vance of median crest. 
more distinct. Not crest greatly enlarged. Behind median internal 
so isolated as in This cusp remains dis- cusp on inner edge of 
Promerycocherus. In- tinct from crescent tooth is a second cusp 
termediate crests and crest until tooth which in worn condi- 
wanting. is well worn.  En- tion of crown is con- 

Posterior crescent well largement developed nected with it. Sec- 
developed and _  con- on posterior crest like ond cusp not con- 
fluent with pillar-like a smaller cusp. nected with internal 


UA Me extension of posterior 


crest. 

Internal extension of 
posterior crest bifur- 
cate with small spur 
projecting forward 
and inward. 
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DESCRIPTION OF LOCALITIES 


Univ. Calif. Coll. Loc. 
No. 7305 NE 1%, Sec. 18, T 3 N, R 20 W, San Bernardino Base line. 


Occurrence in canyon locally called Gas Plant canyon. 
Locality N 3° E of Gas Plant and N 26° E of Santa 
Paula well No. 16. Lower jaw of Promerycocherus ? 
found near base of cliff in a red and green sandstone, 3 
feet stratigraphically below a 6-inch cemented layer of 
gray sandstone. 


No. A725 NE corner of SE 1/4, Sec. 13, T 3 N, R 21 W, San Bernardino 


Base line. Occurrence in Morgan Canyon approxi- 
mately 75 feet NE of South Mountain well No. 2 of 
Oak Ridge Oil Co., in red sandstone bank of road cut, 
at base of the red sandstone approximately 3 to 4 feet 
above level of road. 


CARNEGIE Inst. WaAsH. Pus. 404—Stock PLATE 2 
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Leptauchenia ? (Sespia) californica n. subgen. and sp. 


Type skull and jaw, No. 27720 U. C. Coll.; x 2.0 Fig. 1, lateral view; fig. 


la, ventral view; fig. 2, dorsal view of skull; figs. 3, 3a, lateral and dorsal 
views of ramus. 


Upper Sespe beds, South Mountain, Ventura County, California. 
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CARNIVORA NEW TO THE MASCALL MIOCENE FAUNA 
OF EASTERN OREGON 


By CHESTER STOCK 


With one plate and two text-figures 
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CARNIVORA NEW TO THE MASCALL MIOCENE 
FAUNA OF EASTERN OREGON 


With the exception of the three species, Tephrocyon rurestris 
(Condon), Canis sp. and Cope’s type Lutrictis? lycopotamicus no 
other carnivores have been recorded from the Mascall Miocene of 
the John Day Valley, Oregon, as a result of further collections 
obtained from these deposits since the earlier explorations in this 
area. During the past summer a field party from the California 
Institute of Technology was fortunate in securing the remains of 
two carnivores new to the Mascall assemblage. While the material 
is incomplete, records of these types are of interest and may be of 
significance in establishing a more accurate correlation of the Mascall 
fauna with Tertiary assemblages known mnie regions lying beyond 
the John Day Basin. 


Leptarctus oregonensis n. sp. 


Type specomen—No. 206 C.1.T. Coll. Vert. Pale, representing fragments of 
a skull including portions of the palate with P4 and M1 (Plate 1, figures la, 
1b and text-figures 1 and 2). 


Specific characters—Smaller than neotype of Leptarctus primus. Ex- 
ternal cingulum prominent in P4 and M1. Cuspule present on cingulum of 
M1 opposite notch between paracone and metacone. Slight elevation of 
enamel surface posterior to protocone in M1. 


Locality—Exposures of Mascall deposits north of the east fork of the 
John Day River, approximately 1.5 miles northwest of Dayville, Oregon. 
Specimen collected by S. W. Lohman. 


Fic. 1—Leptarctus oregonensis, n. sp. Portion of right 
zygomatic arch, No. 206 C.LT. Coll.; outer view; 
x 1.0 or, orbit; ju, jugal; sq, squamosal. 
Fic. 2—Leptarctus oregonensis, n. sp. External surface 
of fragment of cranial wall showing portion of 
lateral temporal crest (l.c.); No. 206 C.I.T.; 
6 140), 
Mascall Miocene, John Day Valley, Oregon. 


Description—Reference of the Mascall specimen to the genus Leptarctus 
is clearly indicated by the superior dental formula and by the characters 
of P4 and M1. Comparison of No. 206 with the nearly complete skull 
described by Matthew? from the lower Snake Creek beds and referred to 
Leidy’s species L. primus establishes the following points of similarity: 


*W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, pages 138-146, figs. 37-38, 1924. 
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(1) The superior dentition in No. 206 lacks the first premolar and the 
second molar. 

(2) P4 possesses in addition to the paracone, metacone and protocone, 
a fourth cusp present on the inner side of the crown behind the protocone. 

(3) M1 with well-defined paracone and metacone. Summit of proto- 
cone is continuous with a ridge which swings forward and outward along 
the front of the base of the paracone. Postero-internal crescent formed by 
hypocone. 

(4) Presence of a relatively heavy zygomatic arch (fig. 1). 

(5) A lateral and well-defined temporal crest is present (fig. 2). 


In the Mascall specimen the two posterior teeth are completely pre- 
served. Alveoli indicate the position of I8, C, and the two premolars. 
P2 and P3 were each two-rooted and appear to have been slightly more 
crowded than in the Snake Creek form. The anterior root socket of P2 
is slightly farther behind the alveolus for the canine in the Oregon speci- 
men than in No. 18241 Amer. Mus. from Nebraska. 

P4 is very similar to the comparable tooth in Matthew’s specimen. The 
paracone is the prominent external cusp with the shearing blade of the 
metacone less distinct and prominent. As noted by Matthew the notch 
between paracone and metacone tends to disappear in Leptarctus. A 
cingulum is present along the anterior base of the paracone. ‘The two 
inner cusps are cone-shaped, the larger one being the protocone. A ledge 
extends from the posterior end of the hypocone to the inner posterior end 
of the metacone. 

M1 is slightly longer than wide. An external cingulum is present, from 
which rises a tiny tubercle opposite the notch between paracone and meta- 
cone. An enlargement of the cingulum at the anterior end tends to form 
a rudimentary parastyle, while at the posterior end of the metacone is a 
rudimentary metastyle. The external cingulum is better defined in the 
Mascall specimen than in the neotype of L. primus, No. 18241 Amer. Mus. 
Coll., and there is no evidence in the latter of the tiny tubercle opposite 
the notch between paracone and metacone. While the small cuspule is 
absent in the latter, the lack of better definition of the external cingulum 
is possibly due to the distinctly greater wear of M1 in this form than in 
the Mascall type. At the posterior base of the protocone is a slight ele- 
vation of the enamel surface which crosses the valley between this cusp 
and the crescent-shaped hypocone. This elevation is absent in the Snake 
Creek specimen. In No. 206 the antero-internal end of the hypocone is 
continuous with a narrow cingulum which extends along the inner and 
anterior sides of the protocone. 


Available material of the skull in No. 206 is fragmentary. ‘The side 
view of the snout is shown in Plate 1, figure 1b. The round infra-orbital 
foramen is of relatively large size and the antero-external rim of this 
Opening is situated above the anterior end of P4. A median section of 
the palate has been crushed inward but displays the maxillo-palatine 
suture. Fragments of the zygomatic process of the squamosal and of the 
jugal are shown in figure 1. In relative heaviness of zygomatic arch the 
Mascall specimen resembles closely that from the Snake Creek beds. The 
character of the fragment of the cranial wall shown in figure 2 clearly 
indicates that the temporal crest present on this piece is a portion of a 
lateral ridge. This ridge appears to be slightly heavier than in the neotype 
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of Leptarctus primus. The presence of double temporal crests is one of 
the peculiar features of Leptarctus. 

Discussion—Little can be added to the available information regarding 
the relationships of Leptarctus from a consideration of this additional 
material. The structure and affinities of the genus were fully reviewed by 
Matthew on the basis of very complete skull remains from the Merychippus 
panmensis Zone of the Snake Creek deposits. Before comparisons were 
made with a cast of the palate and teeth of No. 18241 Amer. Mus. Coll., 
the writer was impressed by greater resemblance of the Mascall specimen 
to the Meline than to the Procyonide. More detailed comparison has tended 
to substantiate Matthew’s opinion of the mustelid relationships of 
Leptarctus. The presence of the type in the Mascall extends poe ately 
the known geographic range of Leptarctus. 


Measurements in millimeters 
Snake 
Mascall Creek 
No. 206 No. 18241 


Length from anterior end of canine alveolus to posterior end of Ml.... 25 30 
PAMBATILETODOSLE I OLMECLIATIVE Ge Tete ee eee Le 6.2 6.7 
ASmtransverseniclameten c= tite nn.) oy 01 EU ilaes al nied Meee aioe Ai 74 4.9 5.3 
UAV Ge O Lae OR 0 WiTV sees eee ee oh ccs alo oh a Mem die I Se 4.1 

M1, anteroposterior diameter through middle of tooth.............2....2...-.--- 6.4 7.3 
NOISE CransVerse mn dtam CGC Dassen teh sure ESO UIE A ee at eee 6.1 7 


Amphicyon cf. sinapius Matthew 


A fragmentary right ramus of the mandible, No. 207 Calif. Inst. Tech. 
Coll. Vert. Pale., Plate 1, figs. 2a, 2b, represents a large canid type found 
in the Mascall deposits of the John Day. Valley by F. D. Bode. This 
specimen agrees in size and proportions with the lower jaw, No. 18258 
Amer. Mus., described by Matthew + from the Merychippus pamensis Zone 
of the Snake Creek beds and referred to Amphicyon sinamius. No. 207 
resembles the type of this species, No. 9858 Amer. Mus. Coll., in thickness 
of ramus and in size of MI and M2. The cotype of A. sinapius, No. 9357 
Amer. Mus. Coll., an unworn crown of the lower carnassial from the 
Pawnee Creek beds, also bears considerable similarity in size to the Mascall 
specimen. 

No. 207 from the Mascall lacks the posterior and postero-inferior por- 
tions of the jaw and the dentition is incompletely preserved. The sym- 
physeal area is broad and reaches back to a line descending between P2 
and P3. A large mental foramen is situated below the anterior root of P2. 
Its position is slightly farther posteriorly than in No. 18258. A second 
and much smaller foramen lies below the posterior root of P38. The single 
incisor and canine are well worn and this type of wear characterizes also the 
first and second molars. Unfortunately in MI that portion of the tooth 
lying anterior to the heel is broken away. 

The spacing of the premolars resembles that in Matthew’s specimen 
referred to Amphicyon sinapius. The longest diastema between the pre- 
molars is that between P2 and P38. PI was perhaps a two-rooted tooth 
in which the roots were fused. A distinct posterior accessory cusp is in 
evidence in P4. The heel of MI is broad with postero-external border 
angulate. While the heel is well worn, the surface relief of the dentine 
suggests the presence of a large external cusp as in amphicyonine forms. 


7'W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 50, pages 104-111, fig. 21, 1924. 
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The proportions of M2 appear to be similar to those in No. 18258 Amer. 
Mus. Coll. 

Matthew has referred several specimens of the genus Amphicyon from 
the lower Snake Creek beds to A. sinapius. The latter species was de- 
scribed by Matthew t on the basis of a small fragment of a lower jaw with 
M2 from the Pawnee Creek Middle Miocene of Colorado. It is a matter 
of some interest to record from the Mascall an amphicyonine type closely 
related to a species known from these Tertiary horizons of the Great 
Plains province. 


Measurements (in millimeters) of No. 207 


Hench anterior endorCmcO pp OSte Gl OLE claro Lal Vleet tcenaeeea eae enna EL 170.8 
hengths anterior endo 22 5tospOsterloren claro tan Vito seers ae smeseee aati nesten anaes nen neeE 119.3 
13, transverse’ diameteriiike ce EO a Re, ROR 6.7 
CS transverseudiameverya tb ase co Leni cny ell meee ame a lame er enna Ons eld en eau aoe OE 15.4 
PZ, anteroposterior | diameter ween Lea ea SE By bpeeliees Ue aL so ee 11.6 
POWatransverse. CIAMETCT ecko: secseieee ee bea eee ee Nea ADIN (Ie tel aL ONO ana Em Ses ee 6.8 
PSManteropostervor s Glam every cy cesses csc eden mee ei peta URIEIUE ENO US a eee CLE Ee ceo ee 137 
PS trANSVeErsey CiaArMeb er. se the Ee Es En aU aa ae eh de 73 
P4 ‘anteroposterior diameter !s..22. Sie ee: SET PEE TEEN LD RA eins Re 19.4 
P4; greatest ‘transverse: diametetiscsccciccccceescse ta a es 10 

Mialpvanteroposterlor Clam ete rin (ad TO XLII a Ce) eee a reeeee eee a en 35 

Milkigreatest itransviersendlame ters tiliee | asim acne ceenee eae anne ne ennai noS nn ean eo 16.5 
M2, anteroposterior iam ten eee e cle ta FAN UERNd lranoc ep 2OrS 
Depthvotjawaateposteriorugendsotasymp hyseales urate ce eee eee ee eee ean nn 45.7 
Thickness of jaw at posterior end of symphyseal surface.................--..:.---ccce-scecssseeceesseeee 19.3 
eneth votediastema be tween ieee weary clair ses tee ese ae ee ce nn 11.1 


1W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 16, page 288, fig. 2, 1902. 


Carnecis Inst. WasH. Pus. 404—Stock Prater 1 


Fias. la, 1b—Leptarctus oregonensis, n. sp. Fig. la, view of palate and occlusal view 


of P4 and Mi; tig. Ib, lateral view; No. 206 €.11.; x 2.00. Mascall 
Miocene, John Day Valley, Oregon. 


Fias. 2a, 2b—Amphicyon ef. sinapius Matthew. Lateral and occlusal views; No. 
207 C.1.T.; x 0.66. Mascall Miocene, John Day Valley, Oregon. 
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CAPROMERYX MINOR TAYLOR FROM THE 
McKITTRICK PLEISTOCENE, CALIFORNIA 


INTRODUCTION 


The occurrence of a Pleistocene vertebrate fauna in an asphalt 
deposit near McKittrick, California, has been reported by J. C. 
Merriam and C. Stock. Since the publication of the provisional 
list of mammals from this locality, several types new to the assemb- 
lage have been discovered in the deposit. Among these should be 
recorded the small antilocaprid, Capromeryx minor. This species 
occurs here in association with the prong-horn antelope Antilocapra. 

Three species of the genus: Capromeryx are now known from the 
Pleistocene of North America. The type, C. furcifer, was described 
by Matthew * from Hay Springs, Nebraska. C. minor Taylor ? occurs 
at Rancho La Brea, and C. mexicana Furlong? is recorded from 
Tequixquiac, Mexico. The occurrence of C. minor at McKittrick 
extends the range of this species during the Pleistocene from the 
Los Angeles basin to the Great Valley of California. 

Members of the family Antilocapride are apparently sparsely 
represented in the McKittrick fauna, as only one individual of 
Capromeryx has been found, while several individuals of Antilocapra 
are known to occur. 


DESCRIPTION OF MATERIAL 


The specimens available from McKittrick are presumably to be 
referred to a single individual and include two upper and two lower 
molars and a calcaneum (figs. 1 and 2). A young adult animal is 
indicated by the material. 


The dentition in specimen No. 15 Calif. Inst. Coll. Vert. Pale. exhibits a 
stage of wear and development of individual tooth crown comparable to 
that observed in Capromeryx minor from Rancho La Brea. The superior 
molars from McKittrick (fig. la) represent M2 and M3 detached from the 
left maxillary. These teeth are hypsodont with open root. In M2 the 
parastyle and mesostyle are well developed, with the latter style somewhat 
more pronounced. The tooth is in an early stage of wear with antero- 
posterior diameter of the triturating surface relatively long. M2 contracts 
noticeably in anteroposterior diameter from the wearing surface to 
the root region. The lingual wall of M2 is rather sharply ridged dorso- 


7W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 16, pages 317-322, 1902. 
?7W. P. Taylor, Univ. Calif. Publ. Bull. Dept. Geol., vol. 6, pages 191-197, 1911. 
KH. L. Furlong, Univ. Calif. Publ. Bull. Dept. Geol. Sci., vol. 15, pages 137-152, 1925. 
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ventrally along the anterior margin, more so than in C. mexicana, No. 
26649 Univ. Calif. Pale. Coll. The posterior pillar is not so angular as in 
this species and is more regularly crescentic throughout its length. M2 in 
No. 15 from McKittrick may be one-half to two-thirds the size of the 
comparable tooth in Antiuocapra americana. The grinding surface may be 
relatively broader than in some specimens of the modern prong-horn and 
the outer styles of the tooth have approximately the same position and 
development as in the latter. 


- NN . 


Fic. 1—Capromeryx minor Taylor. Upper and lower molars, x 2 
1.0. a, M2 and Mg, buccal and occlusal views; b, 
and M8, buccal and occlusal views; c, M2 and M3, 
lingual view; No. 15 Calif. Inst. Tech. Coll. Vert. 
Pale., McKittrick Pleistocene, California. d. M2 and 
M3, lingual view, No. Z8501 L.A. Mus. Coll., Rancho 
La Brea Pleistocene, California. 


In M3 of specimen No. 15 the crown is unworn. This tooth is two-lobed 
and is broader at the open root than M2. The crown is recurved posteri- 
orly. The outer styles and the character of the inner wall do not differ 
materially from those in the companion tooth, M2. 

A fragment of the left ramus with M2 and M3, found associated with 
the upper teeth at McKittrick, is like a similar specimen No. Z8501 Los 
Angeles Mus. Coll. of C. minor from Rancho La Brea (compare figs. Ic 
and 1d). M2 in No. 15 is very similar in stage of wear, size and character 
of tooth-crown to the comparable molar in the Rancho La Brea form. 
The styles on the lingual side are somewhat more pronounced in the former 
specimen. The three-lobed M3 exhibits all of the characters seen in the 
last lower molar of C. minor from Rancho La Brea. 

In the caleaneum of the McKittrick form (fig. 2) the epiphysis is firmly 
joined with the os calcis, but the suture is still distinct and indicates the 
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youth of the animal. The articulating surfaces for the astragalus and for 
the fore-leg element are like those in Rancho La Brea specimens. No. 15 
agrees also in size and in proportions with calcanei of C. minor. 


Fic. 2a, b, c—Capromeryx minor Taylor. Cal- 
caneum; a, outer, b, anterior, and c, inner 
views; x 1.0. McKittrick Pleistocene, 
California, 


Measurements (in millimeters) of dentition of Capromeryx minor 


Rancho La Brea 
McKittrick No. Z8501 
No. 15 C. 1. T. L. A. Mus. 
M2, greatest anteroposterior diametet...............2...2.:00:cssceeeeeeeees 0 i a YE AC He ee 
M2 ecreatesttransyveLseidlametere te ee UES, Taka marcas 
IM2Rae1 ch GeO Le CTO Walter rtes eerste eta te eaee dy eRe ee D GVA M Maa bt 34 pit sreseanee 
M3, greatest anteroposterior diameter...................:2::c000cceeseeeeees NDS SOF Sie a nmU eee es 
M3; greatest transverse diameter....................0:....c0ccesescosseceosseeeeeee Gee tet ea ek! oe 
IMS eiherch taro tincrowinterns eee See Uh lis eh eee he ea ZO tN ly he tae glee 
M2, greatest anteroposterior diameter...............0..00cccccsceceeeees 10.8 10 
Vi2sorea testmtbansversemdlameter ncn sete eee 4.7 4.8 
IMoNm ero h tivo tinerowiinetc sai ane te 2 ease UE es a 31.7 30.3 
M3, greatest anteroposterior diametet....................:c:::ccceccesseeees 13.3 12.2 
Motuereatest ntransverse) Glametenin see eee ne 4.3 4.4 
IVES Sm ela GeO bee CRO NVI ee tears el eerste ae ee Eee, 28.3 26.3 
SUMMARY 


A single individual of Capromeryz is recorded from the Pleistocene 
asphalt deposits of McKittrick, California. ‘The characters of the 
form clearly indicate its specific identity with C. minor of Rancho 
La Brea. 

Judging from the mammalian collection at present available from 
McKittrick, Capromeryx was apparently more sparsely represented 
in the Pleistocene assemblage than Antilocapra. 
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A TERTIARY VERTEBRATE FAUNA FROM THE 
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A TERTIARY VERTEBRATE FAUNA FROM THE 
UPPER CUYAMA DRAINAGE BASIN, CALIFORNIA 
INTRODUCTION 


The discovery of Tertiary mammalian remains in the vicinity of 
Apache Canyon, in the upper Cuyama drainage basin, Ventura 
County, California, was made by Mr. John B. Stevens, geologist of 
the Associated Oil Company. Further collecting in this region has 
furnished a fauna of considerable stratigraphic and biologic signifi- 
cance. An investigation of the geologic features of the area and of 
the vertebrate collection was undertaken primarily with a view to 
establishing the position and relationships of the fossil assemblage 
in the sequence of Tertiary faunas known from the Pacific Coast 
and Great Basin provinces. A geologic study of the area in which 
the mammal-bearing beds occur and of the adjacent Lockwood Valley 
region to the east is still in progress. 

The present study was suggested by Doctor Chester Stock, of the 
California Institute of Technology, to whom the author is greatly 
indebted for valuable advice during the progress of the investigation 
and patient criticism of the manuscript. The author wishes also to 
acknowledge the courtesy extended by Mr. Donald R. Dickey and his 
staff at the California Institute of Technology in allowing unreserved 
use of their excellent library and collection of recent mammals. The 
drawings were made by Mr. John L. Ridgway. 


LOCATION AND PREVIOUS STUDIES OF REGION 


The fossiliferous beds, indicated in figure 1, occur in the upper 
part of the Cuyama drainage system, west of Mount Pinos and 
south of the San Andreas Rift. Latitude 34° 50’ N. and longitude 
119° 20’ W. intersect in a point near the vicinity of the fossil occur- 
rences. The latter lie immediately south of the northern boundary 
of Ventura County, California. 

During the period 1854-5, the Cuyama Valley was visited by one 
of the Pacific Railroad Survey parties and the geological features 
of the region were described by Thomas Antisell (1857, 53-57). 
Fairbanks (1894, 493-526) made a reconnaissance survey of the 
northern part of Ventura County and of several counties to the 
west and northwest, and later (1895, 273-300) described an analcite 
diabase on the northern side of Cuyama Valley. The report by A. C. 
Lawson (1908, 22 and 42) on the California Earthquake of 1906 
includes a discussion of the principal physiographic features of the 
area. In the same publication Fairbanks described the San Andreas 
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Rift, which traverses the region to the north of the mammal-bearing 
beds. In studies relating to the occurrence of borax deposits, H. S. 
Gale (1914, 434-456) discussed the geology of the basin of Lockwood 
Valley immediately east of the upper Cuyama drainage. W. A. 
English (1916, 191-215) published a detailed description of the 
geology of Cuyama Valley, including a map of the formations in- 
volved in the structure of parts of both sides of the valley to the 
west of the fossil localities. The region north of the San Andreas 
Rift, in the vicinity of San Emigdio Mountain, has been described 
by R. W. Pack (1920, 1-179), and later by C. M. Wagner and K. H. 
Schilling (1923, 235-276). W.S. W. Kew (1919, 1-21) and R. N. 
Nelson (1925, 327-396) investigated the geology of portions of 
the upper Santa Ynez drainage basin lying to the southwest of 
Cuyama Valley. 
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Fic. 1—Index map of a portion of southern California showing location of Cuyama 
Valley fossil vertebrate occurrences. 


STRATIGRAPHIC SUCCESSION 


The formations identified by W. A. English as occurring on the 
southwest side of the Cuyama Valley are as follows: (1) a series 
of pre-Monterey shales, (2) the Monterey group, consisting of the 
Maricopa and Vaqueros members, (3) the Santa Margarita sand- 
stones and shales, (4) the Cuyama Pliocene(?), (5) the Pleistocene 
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terrace sands and gravels, and (6) Recent alluvium. The strati- 
graphic succession in the vicinity of the fossil beds includes: (1) 
a large block of gneissoid granite to the east (Mount Pinos) with 
several scattered granite inliers in the sedimentary basin; (2) an ex- 
tensive series of highly colored non-marine beds, considered by 
English as being approximately the equivalent of the Monterey; 
(3) the Santa Margarita(?) in the broad application of the name; 
and (4) Quaternary terrace and alluvial deposits. 


OCCURRENCE OF FAUNA 


.The occurrence of Tertiary vertebrates in Apache Canyon is 
located approximately eight miles up this canyon, northwest of the 
Apache Canyon potrero. Parallel to and north of Apache Canyon is 
Quatal Canyon which has cut through the same horizon six or seven 
miles from Cuyama Valley. 

The deposits in which the vertebrate fossils were found le near 
the top of the formation tentatively recognized as the Monterey. 
The material is scattered through these upper beds from the bot- 
tom of a very conspicuous dark brown gypsiferous clay stratum to a 
level at least several hundred feet lower. The occurrence of fossil 
remains is not sharply limited to a definite horizon, but apparently 
becomes less frequent near the upper and lower limits of the section. 
The fossils are very scattered in the lowest levels exposed in the 
ravines adjacent to the northern portion of Apache Canyon, and the 
still lower horizons present in the northeastern part of Quatal Canyon 
have not been productive. 


AGE AND RELATIONSHIPS OF THE CUYAMA FAUNA 


The following is a faunal list of the types represented in the fossil 
collection from Cuyama Valley: 


Testudinate remains 
Avian remains 
Carnivora 
Canid ? sp. 
Rodentia 
Citellus (Protospermophilus) quatalensis n. subgen. and sp. 
Perognathus furlongi n. sp. 
Hypolagus ? apachensis n. sp. 
Proboscidea 
Mastodont sp. 
Perissodactyla 
Merychippus sumani Merriam 
Protohippus sp. 
Hipparion ? sp. 
Artiodactyla 
Oreodont sp. 
Camelid sp. 
Merycodus sp. 


In an attempt to reach a satisfactory age determination of the 
rather incomplete fauna listed above, evidence can be secured not 
only from a comparative study of several of the individual forms 
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occurring in the assemblage, but also from a consideration of the 
stratigraphic position and structural relations of the mammal-bearing 
beds in the Cuyama region. It is important furthermore to recog- 
nize the relationship of the vertebrate horizon to deposits in which 
marine invertebrate faunas have been found. 

W. A. English (1916, 191-215) correlated the Tertiary formations 
on the east and west sides of Cuyama Valley on the basis of regional 
structure. The broad portion of Cuyama Valley in which the 
Cuyama Ranch is located appears to be a synclinal basin, the axis of 
which leaves the valley on its east side between Ballinger and Quatal 
Canyons. ‘The vertebrate horizon on the northeast flank of the 
syncline apparently occupies a stratigraphic position equivalent to 
that occupied by upper beds of the Monterey group on the south- 
west flank in Santa Barbara Canyon. In referring to the Monterey 
the formation containing the mammalian remains, a difficulty is en- 
countered in that the lithology of this deposit is noticeably differ- 
ent from that of the Monterey on the west side of the valley. More- 
over the lack of vertebrate fossils in the Monterey on the west 
side and the scarcity of invertebrate remains on the east side pre- 
clude the possibility of a satisfactory correlation of the two sets of 
beds on a basis furnished by paleontological data. Further evidence 
tending to support a correlation of the deposits occurring on the 
two sides of the valley rests on the presence of a basalt flow in the 
upper portion of the mammal-bearing beds as exposed north of Qua- 
tal Canyon. Basalt flows, according to English, are rather character- 
istic of this horizon at a number of localities, particularly in the 
Caliente Range to the north of Cuyama Valley where they are asso- 
ciated with upper beds of the Maricopa shales. It should be noted, 
however, that an earlier period of extrusion of perhaps Vaqueros 
age is recorded in the area north of Lockwood Valley, where flows 
are found in association with a colemanite deposit. 

The following Tertiary invertebrate assemblages are recorded by 
English from the Cuyama region: 


(1) From close to the base of the white sandstone of the Vaqueros near Santa Barbara 


Canyon: 
Pecten magnolia Pecten voleformis 
Pecten bowersi Turritella inezana 
(2) From near the top of the Vaqueros southeast of Caliente Range: 

Chione panzana Calyptrea 

Chione n. sp., near diabloana Murex vaquerosensis new var. 
Mytilus mathewsoni var. expansus Trophosycon sp. ? 

Panopea estrellanus Turritella ocoyana 


Pecten crassicardo 
(3) From the upper part of the Monterey group south of Cuyama Valley: 


Scutella norrisi Phacoides acutilineatus 
Chione securis Venus pertenuis 
Ostrea veatchii ? Turritella ocoyana 


Pecten andersoni 
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(4) From the Whiterock Bluff shale (middle) member of the Santa Margarita formation: 


Astrodapsis antiselli Venus pertenuis 

Astrodapsis tumidus Agasoma sinuatum 

Ostrea titan Turritella carisaensis 

Pecten crassicardo Turritella ocoyana new var.? 
Trophon gabbianum ? Tamiosoma gregaria 


The stratigraphic position of the mammal-bearing beds appears 
to be approximately equivalent to the deposits from which the in- 
vertebrates given in the third list above are recorded, and occurs 
apparently within the limits of the range of Turrtella ocoyana. 
This position would place the vertebrate stage in close time relation 
with the stratigraphic or faunal unit commonly called the Temblor 
and currently considered as middle Miocene in age. Ostrea titan and 
Pecten crassicardo are unfortunately the only mollusks found in the 
marine deposits, which English considered Santa Margarita, that 
overlie the mammal horizon in Quatal Canyon. 


CORRELATION OF FAUNA 


Paciric Coast PrRovINCcE 


Occurrences of Miocene mammal-bearing beds in the Coast 
Ranges of California are apparently infrequent, due to the domi- 
nance of marine formations in this region. Extensive transgressions 
of the sea were presumably characteristic of this period, and it 
becomes apparent that in the marginal transition zones lying between 
the coastal province and the Great Basin, where an interfingering of 
terrestrial accumulations representing temporary recessions of the 
sea may occur, were conditions most opportune for a record of land 
mammals. The significance of these occurrences in Tertiary corre- 
lation studies involving the Pacific Coast and the continental region 
to the east has been fully appreciated. 

In the Coast Ranges north of Cuyama Valley the “Big Blue” or 
“Rainbow” beds of the North Coalinga region (J. C. Merriam, 1915) 
seemingly correspond stratigraphically to the Cuyama faunal hori- 
zon, particularly with regard to its relation to the overlying “Santa 
Margarita.” At the former locality the Merychippus zone lies below 
the “Big Blue” in beds recognized as Temblor. The mammalian 
fauna of the Merychippus zone includes relatively few forms and 
is chiefly characterized by the presence of Merychippus californicus. 
On the basis of evidence furnished by a comparison of the stages of 
development in the merychippine group, Merychippus sumani occur- 
ring in the Cuyama fauna appears to be somewhat more advanced 
than M. californicus. This is suggested by the greater size, heavier 
cementation and more prominent styles of the upper cheek-teeth 
in the former species. This evidence might indicate a later age for 
the Cuyama assemblage, but it is not conclusive, inasmuch as primi- 
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tive forms may be contemporaneous with more advanced types. 
Certainly a consideration of the relative ages of the two horizons 
should take into account more than a single species. Unfortunately, 
in the present instance, mammalian types occurring in the one fauna 
are absent in the other, and this with the incomplete preservation 
of the materials from both horizons do not furnish an adequate basis 
for comparison. 

Tertiary mammalian remains have been recorded by Chester 
Stock (1920, 267-276) from the Tecuya beds of Tecuya Canyon at 
the southern end of the San Joaquin Valley. It is interesting to note 
that the Tecuya beds are not far removed geographically from the 
deposits in the Cuyama region. These red beds are presumed to 
underlie conformably a marine series considered as the Monterey 
group. The fauna includes an hypertragulid, rhinoceros, and a 
sciurid. Although the direct comparisons which can be made 
between the Cuyama and Tecuya faunas are extremely limited, the 
presence of an hypertragulid in the latter assemblage is suggestive 
of an earlier stage. The difference in stratigraphic position of the 
two horizons with reference to the Monterey series is further 
evidence in support of this view. 

The Mint Canyon fauna, from the Mint Canyon deposits in Los 
Angeles County, investigated by Mr. J. H. Maxson, is a Miocene 
assemblage exhibiting apparently some resemblance to the Cuyama. 
The following is a comparative list of the faunas from the Cuyama 
and Mint Canyon: 


CuYAMA VALLEY: Mint CAanyon:* 


Testudinate remains 

Avian remains 

Canid ? sp. 

Citellus (Protospermophilus) 


quatalensis n. subgen. and sp. 


Perognathus furlongi n. sp. 
Hypolagus ? apachensis n. sp. 
Mastodont sp. 

Merychippus sumani Merriam 
Protohippus sp. 


Hipparion ? sp . 


Camelid sp. 
Oreodont sp. 
Merycodus sp. 


Testudinate remains 
Avian remains 
Aelurodon sp. 


Hypolagus ? apachensis 

Trilophodon sp. 

Rhinocerotid, indet. 

Parahippus (Archeohippus) near 
mourningi Merriam 

Merychippus sp. 

Merychippus sumani Merriam 

Merychippus (Protohippus) 
intermontanus Merriam 

Protohippus sp. 

Hipparion ? near mohavense callodonte 
Merriam 

Hipparion ? sp. 

Prosthennops ? sp. 

Miolabis, new form 

Alticamelus ? sp. 

Oreodon, ef. Merychyus 

Merycodus near necatus 

Large Antilocaprid indet. 


* Faunal list furnished by J. H. Maxson. 
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The Mint Canyon beds lie stratigraphically below marine strata 
recognized by W. P. Woodring (1930) as being approximately equiva- 
lent to the Cierbo division of the San Pablo group. The stratigraphic 
positions of the Cuyama and Mint Canyon beds:as at present deter- 
mined do not prevent them from possessing nearly the same age. 
Furthermore, there prevails some faunal similarity between the two 
horizons. The equine species, Merychippus suman Merriam, is pres- 
ent in both assemblages. 

While the Cuyama fauna is too incompletely known to permit a 
satisfactory determination of exact time relationships to the Mint 
Canyon, it appears possible that the former is slightly older than the 
latter or occupies perhaps an early stage in the longer period repre- 
sented by the entire Mint Canyon assemblage. 


GREAT BASIN PROVINCE 


The Cuyama fauna compares most favorably with the Barstow 
Miocene of the better-known Tertiary faunas of the Great Basin 
region. All the more important larger mammals of the Cuyama 
fauna are known from the Barstow, although specific comparisons 
are not always possible. The species Merychippus sumani was origi- 
nally described from the Barstow by J. C. Merriam. Unfortunately 
the rodents from the latter horizon have not been as yet fully inves- 
tigated. 

The Cache Peak fauna (Buwalda, 1916, 75-85) described from 
deposits exposed in the Tehachapi Pass region not far to the east of 
the Cuyama locality may be somewhat less advanced than the 
Cuyama fauna, and the Phillips Ranch occurrence, from which is 
recorded a very primitive species of Merychippus, is probably much 
earlier. 

DESCRIPTION OF MATERIAL 


TESTUDINATE REMAINS 


Tortoises are represented in the collection by a nearly complete 
limb bone and a number of fragments of the exoskeleton. 


AviAN REMAINS 


An incomplete sacrum from the Cuyama beds has been identified by Dr. 
Hildegarde Howard of the Los Angeles Museum as belonging to a bird. 


CaARNIVORA 
Canid ? sp. 


Remains of carnivores are almost totally lacking in the Cuyama assem- 
blage. Fragments of a right and a left ramus comprise the only material 
available and represent a small canid-like form, approximating the recent 
fox in size. The right ramus, No. 64, is without teeth. The posterior root 
of P3, and roots of P4, and the anterior part of MI are present in the jaw. 
Left ramus, No. 65, carries a partially preserved P4 and root portions of M1. 
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RopENTIA 


Citellus (Protospermophilus) quatalensis n. subgen. and sp. 


Type specimen—No. 30 C. I. T. Coll. Vert. Pale., a skull including super- 
ior dentition and lower jaw from locality 48 in Quatal Canyon, eight miles 
east of Cuyama Valley. 


Paratypes—Left ramii, Nos. 31 and 32. 


Subgeneric characters—Skull robust. Muzzle broad and vertically com- 
pressed with strong dorso-lateral ridges parallel to alveolar portion of 
incisors. Lower jaw shallow but strong. Superior surface of lower jaw 
between I and P4 not greatly depressed. Upper and lower cheek teeth 
small, quadrate, low cusped and shallow basined. P3 much reduced. Inter- 
nal cusp partially divided on superior teeth. Trigonid ridge undeveloped 
in lower molars. 


Specific characters—Superior and inferior diastemata between incisors 
and premolars relatively short. Palate wide in proportion to length of tooth 
row. Foss posterior to incisors and antero-lateral to anterior palatine 
foramina prominent. Lower tooth row long in proportion to depth of jaw. 
Masseteric fossa strong and terminates anteriorly beneath M1. Lower 
teeth with postero-internal ridge terminating anteriorly in the entoconid 
which is disconnected from the paraconid. Very small accessory cuspule or 
cuspules between outer cusps on upper and lower cheek teeth. 


Material—This species is represented in the collections of the California 
Institute by a series of eight specimens. Specimen No. 30 consists of the 
anterior part of the skull with the larger portion of the superior dentition 
and both ramii of the lower jaw which were found in immediate association 
with the skull. No. 34 is a more fragmentary skull than No. 30 and with- 
out teeth. Nos. 31 to 33 inclusive are lower jaw fragments carrying from 
two to four teeth apiece. 


Description—The skull is characterized by an extremely broad muzzle with 
the premaxillaries forming a considerable portion of the dorsal surface well 
toward the anterior end. A strong dorso-lateral ridge extends parallel to 
the alveolar portion of the incisor from the zygoma to the nasal opening. 
In the living forms this ridge is not nearly so conspicuous. The width of the 
ventral surface of the skull is also very pronounced in the vicinity of the 
anterior palatine foramina. The fosse posterior to the incisors and antero- 
lateral to the anterior palatine foramina are large as in many living ground 
squirrels. The ventro-lateral margins of the infra-orbital foramina are 
developed much as in Recent species referred to Otospermophilus. 


The lower jaw has a rather short diastema between incisor and P4. The 
superior margin of the jaw in this region is not much depressed below the 
level of the tooth-row. The depth of the mandible below the grinding teeth 
is small, this being rather characteristic of terrestrial forms and apparently 
an adaptive feature. The masseteric fossa is deep and the ridge along the 
lower margin in the anterior part is very prominent, indicating a strong 
masseter muscle. 

P3 is very small and simple, much as in Sciurus. In modern ground 
squirrels, particularly in the true citellids, this tooth is rather well developed 
and often bicuspid. The superior grinding teeth are quadrate in shape, 
rather low cusped and shallow basined as in both Sciurus and the otosper- 
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mophilid ground squirrels, and differ somewhat in these characters from 
the comparable teeth in the typical citellids. Moreover, the teeth are 
noticeably small in proportion to the size of the skull. The posterior ridge 
running transversely inward from the postero-lateral cusp (metacone) in 
teeth present in No. 30 is formed by the metacone and protocone and a 
small intermediate cusp. Also, it is noticeable that one or two intermediate 
cusps are present on the outer rim between the paracone and metacone in 
several of the teeth. The most characteristic feature in the upper dentition, 
however, lies in the division of the internal cusp in each tooth into two 
equal and closely appressed cusps, adding to the rectangular appearance of 
the teeth. These cusps are completely united in all Recent genera. The 
division of the cusps is a primitive character and is commonly found in 
the Eocene and early Oligocene Ischyromyide, which family is regarded as 
ancestral to the Sciuride (W. D. Matthew, 1910, 64). 

The lower teeth increase in size from P4 to M2 and are rudely rectangular 
in shape, except P4 which is somewhat triangular due to the appressed 
character of the two anterior cusps. In this respect No. 30 corresponds 
more closely to Otospermophilus than to the typical citellids. The teeth 
have low, well-defined cusps and rather shallow basins. The postero- 
internal ridge is separated from the paraconid and carries a rather well- 
developed entoconid which is more like that in Sciurus than in any of the 
citellids. The paraconid is only slightly higher than the remaining, nearly 
equally elevated cusps, and in this respect approaches Sciurus and to a less 
extent Otospermophilus. The paraconid and protoconid do not tend to form 
a high trigonid ridge, as they do in typical Crtellus. 


Relationship—On the basis of available material, Citellus (Protospermo- 
philus) quatalensis appears to resemble the Recent genus or subgenus 
Otospermophilus more nearly than it does any of the other sciurids. 
Moreover, the new form presents an association of primitive characters 
which suggests that the dentition possessed by the modern otospermophilids 
is more primitive than that exhibited by the typical citellids. This is also 
indicated by the development of the premolars which in the case of typical 
Citellus appear to have taken on more completely the characters of the 
molar teeth. From this consideration it seems probable that species of 
Citellus may have been derived from an Otospermophilus-like ancestor, 
probably later than the stage represented by C. (P.) quatalensis, assuming 
this form to be in or near the line of descent of the ground squirrels. 

The ground squirrel stock may then have branched from the Sciurus line 
in post-Hocene time and prior to the upper Miocene. Moreover, existing 
eroups of citellids are perhaps a result of post-Miocene specialization from 
a common ground-dwelling form and not in themselves culminating stages 
from a development along separate branches from the main sciurid stock. 
In arriving at this conclusion emphasis is placed particularly on the modi- 
fication of the skull and lower jaw resulting from a semi-fossorial habitat. 
On the other hand, the dentition reflects to a certain extent the stage to 
which specialization has progressed in the different groups, the dentition 
of Sciurus having apparently retained the greatest association of primitive 
characters. 

No. 30 differs from the type of O. gidleyi, described by Merriam, Stock 
and Moody (1925, 68-69) from the Rattlesnake Pliocene, in much shallower 
depth of mandible in proportion to length of tooth-row, in less elevation of 
the paraconid, and possibly in greater development of the entoconid. In 
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dentition O. gidleyz is more advanced than C. (P.) quatalensis and shows 
characters closer to the modern forms. 


Measurements in millimeters 


Oh (Eo) Rte + : 
quatalensis S. griseus” |O. beecheyi richardsonii* 
Depth of muzzle immediately 
in front of maxillaries......... 10.3 15.6 13} 10.0 
Wadthwotemuzz leis ae 14.7 War 11.6 9.9 
Length of diastema between 
1 as Wil BS Se EE 11.4 15.7 15.3 12.5 
Width of palate between first 
molars? yee ee 8.2 8.1 8.2 7.6 
Length of palate from incisors 
to post-palatal notch............. 24.9 30.7 28.3 25.2 
P3-M3, greatest length............. a 10.5 11.6 11.2 10.6 
I , anteroposterior diameter...| a 3.4 3.6 2.8 2.0 
I , transverse diametevr............. 19 2.0 1.8 1.6 
P4, anteroposterior diameter. 2.0 2.3 2.0 1.9 
P4, transverse diametev........... 2.5 Yel 7 Path 
M1, anteroposterior diameter. De? 2.9 D3} 2.0 
M1, transverse diamete-........... 2.6 3.3 3.2 3.0 
M2, anteroposterior diameter. 2.3 Sal 2.5 2.0 
M2, transverse diameter............ Bell 3.6 3.2 3.0 
M3, anteroposterior diameter.| _........ 3.3 Wolf Pll 
M3, transverse diameter...........| 0 ......-. 3.3 3.0 2.8 
Depth of ramus under MT........ 7.3 10.5 8.0 Ud 
Length of diastema between 
Tanda vasa ee atin ieee teem 6.6 8.2 9.6 8.0 
P4-M3, greatest length.............. 10.0 12.0 11.0 9.5 
I , anteroposterior diameter.... 3.1 3.8 2.6 2.2 
I , transverse diametev............. 1.6 1.4 1.6 1.5 
P4, anteroposterior diameter. 1.9 WG oll 9 
P4, transverse diametev-............ 1.8 2.4 55) 2.4 
MI, anteroposterior diameter.. 2.0 2.8 DES 2.0 
MI, transverse diametev......... 23 323 3.1 2.6 
M2, anteroposterior diameter. 2.4 3.0 2.8 2.2 
M2, transverse diameter.......... Well 3.5 B33 3.0 
M3, anteroposterior diameter.. RO 3.6 3.4 3.3 
M3, transverse diameterv.......... Dall BD 3.1 2.8 


@ approximate 
* Recent skulls from Donald R. Dickey Collection. 


Perognathus furlongi n. sp. 


Type specimen—No. 35 C. I. T. Coll. Vert. Pale., a fragmentary skull 
including superior dentition, from locality 64 in a ravine adjacent to 
Apache Canyon, eight miles northeast of Cuyama Valley. 


Specific characters—Dorsal surface of the muzzle is broad with the naso- 
frontal suture anterior to the suture between premaxillary and frontal. 
Maxillary broad between the tooth-rows and diastema rather long. The 
tooth-row is not straight but tends to be convex outward. Teeth are convex 
externally in a vertical profile and the enamel is deeply infolded, slightly 
more so from the outer side than from the inner. 


Comparison—Compared with the Recent species, P. longimembris and 
P. californicus, the teeth of the Cuyama form are somewhat less prismatic, 
each having a strongly convex external surface. The infolding of the enamel 
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in M1 and M2 ig deeper in No. 35 than in the Recent species, making due 
allowance for differences arising from the inequality of wear in these teeth. 
The fold in both M1 and M2 is impressed well through the convexity of the 
outer side, giving the very base of the tooth at the alveolar border an 
indented outline. 


The paleontological record of the pocket mice is very incompletely known. 
Dr. L. R. Dice (1925, 125) notes the presence in the Rancho La Brea 
Pleistocene of forms referable to the Recent subspecies P. calzfornicus cali- 
fornicus Merriam. Matthew (1924, 85) has described the type Peridiomys 
rusticus from the Miocene lower Snake Creek beds of Nebraska and places 
the genus in the family Heteromyide. Peridiomys appears to be closely 
related to Perognathus but unfortunately no comparison can be made with 
the Cuyama specimen, inasmuch as Matthew’s description was based on 
a lower jaw. 


Perognathus furlong? is surprisingly similar to living species of the genus, 
considering the wide separation in time. Although the type is somewhat 
more primitive in dental characters than the Recent forms, there is notable 
correspondence in the general appearance. This species furnishes appar- 
ently another example of the stability of structural characters exhibited by 
groups of rodents in their evolution during the later Cenozoic. 


Measurements in millimeters of specimen No. 36 


Width otpmuzzlebidorsally seuss. shales ie Fee lok Peer ih yey Vue Bey ey 799 1 eas 4.9 
Width of palate at anterior palatine foramimna.........................e.:ccesecceseceeeceeeeeeeneeeeeceeees Dall 
Length of diastema between incisor amd P4..000.......2..cceceeecceecceecceenceeeeeececcentecneceeneeeees ell 
Depth of muzzle above median point in diastema.............22.00.0...ccccceeeeeeeeeeeeeeeeeeseeeeeeceeeeees 6.2 
Width of palate between first molars...0..............0....00ccecsccsecsseceeeeccseceecenscusdecsessecsenseesecseees 2.8 
Length from anterior end of P4 to posterior end of M3...020...............c2.ccceeeeeeeeeeeeee 4.1 
Gran teroposterlOrimalametene cee eer en ee tee eee et mires ek ge en eet ee) Cua: 3 1.4 
Gee CraANSVerSCMGLAMeLe Dict as se ekeen tae each WEIN RANE Ae NET hie ce ESTE en iy aN 0.9 
Pa wanteroposteriors Glameters..) ets Me ONy SEO LT eee NE ee 1 ee 1.6 
PaetransversewGtam eter cn.cc ts. kecclece hak en oN ae eae aa Doe ay, 08 LY 
Vis ranteLOPOSLELLO Ty GELATO CLOT ete eet nt. amet wis LM I nee Ut i A A 0.9 
VME t TANS VELSCYCTAMICTC Tce ret ter ree een Le SEL Sau weced ast ada Wleeclina Uy a ey SL aN eS 
M2sVanteroposterionr wdiameterve see eet CIS ed Seis SP SSO EAA 0.8 
M2 entransverserydiamebeniian cys keirne ies 8 te oe! aed ben een iter 6 Gail ge aside Th oP 1.2 
Ma eran LEnODOSterI OTe GUAIN CCCI eis. -sam cet ai scccuneened Oh ere es, DOR eee J a 0.7 
INDSSECTRANSVEESCMOTAIN CLT re stereo r cre ects orcs rare use rc aet ai ey sg easel educa a Sea NS esate sc TNS 0.9 


Hypolagus ? apachensis n. sp. 


Type specumen—No. 36 C. I. T. Coll. Vert. Pale., a left ramus of the 
mandible including inferior dentition without incisor, from locality 64 in a 
ravine adjacent to Apache Canyon, eight miles northeast of Cuyama Valley. 


Paratype—No. 39, a maxillary fragment including P2 to M3. 


Specific characters—Size smaller than in other known species referred 
to Hypolagus. Masseteric fossa weak. Anteroposterior and transverse 
diameters of lower molariform teeth are nearly equal. P3 is elongate an- 
teroposteriorly with postero-external re-entrant fold simple and extending 
nearly halfway to internal margin, and antero-external re-entrant fold shal- 
low and V-shaped. External surface of P3 may show one or two slight 
longitudinal grooves. P2 is fairly broad with one prominent and one less 
conspicuous anterior enamel fold. 
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Material—H.? apachensis is represented by approximately fifteen lower 
jaw fragments, retaining each from one tooth to a full set of grinding teeth. 
One fragment, No. 63, consists of the anterior portion of the ramus with the 
base of the incisor and P38. In the collection are several maxillary frag- 
ments in various stages of preservation; No. 39 possesses a complete cheek- 
tooth series. A few incomplete limb elements are also present. 


Description—H ypolagus ? apachensis compares favorably in dimensions 
of lower jaw, as far as known, with living species of Sylvilagus. Each of 
the lower cheek-teeth from P4 to M2 inclusive exhibits a fairly simple 
external enamel fold extending practically to the internal margin. This 
fold divides each tooth into two adjoining columns. The internal surface of 
P3 may not be evenly rounded, but may have a slight yet definite groove 
throughout the length of the tooth. In one of the jaw fragments, No. 38, 
C. I. T. Coll., P3 is more elongated anteroposteriorly than is the case in 
specimen No. 36 and shows two such flexures. M3 is a double columned 
tooth with the fission taking place as a result of the extension of the re- 
entrant fold from the external surface toward the inner margin of the 
tooth. The masseteric fossa is apparently weak and terminates anteriorly 
at a point directly beneath M3. 

In the complete upper series, No. 39, P2 is elongated laterally and shows 
a pronounced anterior fold with a second and incipient fold external to it. 
P3 to M2 inclusive are simple teeth with an internal, feebly crenulated 
re-entrant fold extending slightly past the middle of each tooth. The crenu- 
lations are not so well defined as in modern species of rabbits from California 
and are more like those in H. vetus. The external surfaces of these teeth 
are folded inward, but not deeply. 

Comparison—The Cuyama form differs from the type species, Hypolagus 
vetus (Kellogg) (1910, 436-437, and see also L. R. Dice, 1917, 181-182) 
from the Thousand Creek Pliocene of Nevada in smaller size and in the 
character of the teeth. P3 is narrower, has a less triangular shape, a more 
convex anterior surface, and a slightly less sharp and shallower antero- 
external re-entrant fold than in H. vetus. Usually the groove or grooves on 
the inner surface of this tooth are not noticeably developed in H. vetus, 
but instead this portion of the tooth is abruptly flexed, giving the triangular 
cross-section. P4 to M2 are broader anteroposteriorly in proportion to their 
transverse width than in H. vetus. Also the upper teeth have a simpler, 
less serate internal fold than in the type species. 


H.? apachensis differs from H. edensis Frick (1921, 348) of the lower 
Pliocene Eden beds in having a considerably shallower antero-external 
re-entrant fold in P3 and a more posterior position of this infolding. In 
H. edensis the fold is more nearly on the anterior surface of the tooth and 
has in consequence changed materially the whole aspect of the tooth, giving 
it an appearance somewhat like that in modern forms. 

The Cuyama species differs from Lepus macrocephalus Matthew (1907, 
214-216) from the Upper Rosebud of South Dakota in possessing a larger 
diastema and shorter tooth row in proportion to depth of jaw. Also, L. 
macrocephalus is a distinctly larger form, although not much larger than 
H. vetus. Matthew in a later paper (1924, 86-87) refers this species and 
L. primigenius tentatively to the genus Archeolagus. 


H.? apachensis approaches Archewolagus ennisianus (Cope) (1882, 
385-386; see also Dice, 1917, 180-181) in size and in weakness of the 
lower jaw. Although the form is close to Archeolagus it appears to be 
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more advanced in most characters. P3, though elongate, is not so elongate 
as in A. ennistanus and the antero-external re-entrant fold is sharp and 
more pronounced than in the latter type. P2 has two instead of one anterior 
infold in H.? apachensis, and the internal re-entrant fold in each of the 
upper molariform teeth extends beyond the middle of the tooth and possesses 
crenulations, which is not the case in A. ennisianus. 

In some characters H.? apachensis appears to be transitional between 
A. ennisianus and H. vetus, as may be inferred from the two comparisons. 
However, it is possible that H.? apachensis is not at all in the line of Lepus 
and the genus or subgenus Hypolagus, but rather in a more primitive line 
derived from Archeolagus, and possibly leading to such forms as 
Sylvilagus as indicated by the rather uniform small size of the jaw in H.? 
apachensis. 


Measurements in millimeters 


H ? apachensis H. vetus H. edensis 

Depth of lower jaw below P4.......... No. 36 9.6 ORS Ma [erg ecco 
Length of diastema of lower jaw 

lotanmerin Il eral TRS es eceseesccoas No. 63 12.2 21 Yat Ee RR el | eianieete 
P2-M3, greatest length.....................- INOS SOP MIRO aE AINE RE Se ha, GEIR PNEE 
P2, anteroposterior diameter.......... Ie Meee) Iie cs eee ic! 5 aS oe ee 
P2, transverse diamete-...................- el ies) Ue fel) Aue i Sl Mea os, 
P3, anteroposterior diametet.......... 159 0 NT ee ea 
P3, transverse diametev..................---- 07) (Ae S| Uidegeral OT A eo at LD ae 
P4, anteroposterior diametev.......... WAR Member e tiketrlsh ys My lh gay ZL dies 
P4, transverse diametet.................... DSL Pl fea is 1 Ce eR PAI 1 a eae 
M1, anteroposterior diametet.......... LAr i Bs |i Se oe | erm awl Dadar aa Ra 
M1, transverse diametev.................. DeONte Mean ee, Momen be nate M41, Ladd Sc cael: 
M2, anteroposterior diametev.......... GM UALS Ip petals ay lp ey jue beet 
M2, transverse diametev.................. Desig, Wee ee pi a GaN P ct 
M3, anteroposterior diametevt.......... POW GR oases Sle yctsenes. 
M3, transverse diameter.................. Gi) Metin ctaeteeeeaee WAM ee AZ 
P3-M3, greatest length............ weet NOs SSP PE OME The an [erp ee ceca ve RN Led oe 
I , anteroposterior diametev............ No. 638 1.5 LAO ae Mee, dock ee, 
I , transverse diametev.................:.. 2.0 Due Tella Wyatt 
P3, anteroposterior diameter.......... INO, 3 BB 2.9 2.4 
P3, transverse diametev.................... 2.0 2.8 2.1 
P4, anteroposterior diameter............ Boll Moll 
P4, transverse diameter.............:.-...- WD Se eee AeL bees 
MI, anteroposterior diametev.......... 2.0 2.4 2.0 
MI, transverse diametev.................--- all 3.1 DO) 
M2, anteroposterior diameter.......... 2.0 2.6 2.1 
M2, transverse diametet.....:............-- 2.1 2.8 M92 
M3, anteroposterior diameter.......... INOWSS5 Wl De liae Been teste alien ectaeee 
M3, transverse diameter...................- T0319 abbey hemor eae ke al dl links Weekes 

PROBOSCIDEA 


Several tooth fragments have been collected which undoubtedly 
belong to the mastodon group. The material is, however, too frag- 
mentary to permit even a generic determination. 


PERISSODACTYLA 
Merychippus sumani Merriam 
An incomplete upper and lower dentition, No. 41, Calif. Inst. Tech. Coll. 


Vert. Pale., from locality 48 in Quatal Canyon and a single upper cheek- 
tooth, No. 29, from locality 64 in Apache Canyon constitute the more im- 
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portant materials representing this genus and species. A number of scattered 
limb fragments are tentatively referred to the same type. Specimen No. 41 
includes three upper cheek-teeth of the right side, a portion each of left 
P4 and M1, several lower teeth and the posterior portions of the two rami. 


Fic. 2, a and b—Merychippus sumani Merriam. Superior and inferior cheek- 
teeth, No. 41, C.I1.T. Coll.; a, occlusal view, P3, P4, M1 (reversed from 
left side), and M3; b, occlusal view, P3, P4, M1 (reversed from left 
side), and M8; x 1.0. Cuyama Valley Miocene, California. 


Upper Cheek-Teeth—The upper teeth are well cemented and show a 
simple enamel pattern in an advanced stage of wear. The crowns of the 
teeth are nearly rectangular in cross-section, the anteroposterior length 
being slightly less than the transverse width in P3, P4 and M1. The styles 
are prominent, especially the mesostyle as in the associated Protohippus 
material. The protocone is united with the protoconule in P3, but com- 
pletely isolated in M3. P4 shows a stage of wear in which the protocone 
has just united with the protoconule, but the isthmus is still very narrow. 
In M1 the protocone has united with the hypocone as well as the proto- 
conule. The hypocone is large in P3 and M1 with only a slight development 
of the posthypoconal valley. In P4 the posthypoconal valley forms a some- 
what deeper indentation. The fossettes are moderately broad, covering a 
large part of the crown area. M3 shows greater relative complication of 
the enamel borders of the fossettes than in the preceding teeth, which is in 
accordance with their different crown heights. 

M3 exhibits a pli-caballin, a slight bifurcation of the pli-protoconule, a 
double pli-prefossette, and a single pli-hypostyle and pli-postfossette. In 
P4 the pli-caballin and pli-protoconule are still prominent, but the pli- 
prefossette and pli-postfossette are nearly gone, and the pli-hypostyle is 
entirely absent. In P3 and M1 only a slight enamel plication exists in 
the region of the protoconule, representing the pli-protoconule. 

Lower Cheek-Teeth—The inferior molars and premolars are relatively 
short anteroposteriorly and broad transversely. These teeth are well 
cemented and exhibit a simple enamel pattern as in the superior dentition. 
The protoconid and hypoconid are convex externally and the intervening 
enamel fold is of moderate depth, but very open. The metaconid-metasty- 
lid columns formed by an open anterior and a compressed posterior fold 
are strong and rounded, where wear has not proceeded too far. The groove 
between these two columns is particularly shallow. A prominent antero- 
external ridge on the protoconid is noticeable in P4 and M1. 
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Comparison—The characters exhibited by the teeth of the Quatal 
Canyon specimen are similar to those found in the dentition of species of 
Merychippus from the Barstow Upper Miocene. No. 41 differs from M. 
californicus Merriam of the North Coalinga Region in greater cross-section 
of upper teeth, and in the presence of more prominent styles and a heavier 
deposit of cement in these teeth. The fossette borders show a less com- 
plicated enamel pattern than in the Coalinga species. This difference pre- 
vails even whén comparison is made with well-worn teeth of the latter 
form. The Cuyama species appears to be more advanced than M. cali- 
fornicus in size and in the presence of stronger styles and of a heavier 
deposit of cement in the cheek-teeth. 
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Fie. 3—Merychippus sumani Merriam. Upper cheek-tooth, No. 29 C.L.T. Coll., 
occlusal view; x 1.0. Cuyama Valley Miocene, California. 

Fic. 4—Merychippus suman Merriam. Posterior portion of right ramus of mandi- 
ble with M83, No. 41 C.1L.T. Coll., lateral view; x 0.50. Cuyama Valley 
Miocene, California. 


Upper teeth belonging to species of Merychippus from the Barstow 
Miocene of the Mohave Desert show considerable variation in size, in 
complication of enamel borders of the fossettes, and in degree of union of 
the protocone and protoconule. Dr. J. C. Merriam (1919) recognized in 
the equine assemblage from this locality three distinct but apparently re- 
lated merychippine species. The largest of these, M. intermontanus, 
approaches Protohippus in size, cementation and simplicity of enamel pat- 
tern of the teeth. A somewhat smaller form is M. calamarius stylodontus, 
approaching M. calamarius in size and in the proportions of the teeth but 
with a less complicated enamel pattern. M. c. stylodontus differs from M. 
intermontanus in shortness of crown, separation of protocone from proto- 
conule for considerable length of the tooth crown, as well as in size. The 
third species, M. sumani, has smaller teeth than in M. intermontanus and 
M. c. stylodontus and exhibits greater complication of the enamel lake 
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borders and more nearly complete isolation of the protocone except in very 
advanced stages of wear of upper cheek-teeth. 

Presumably a somewhat similar example of variation in dental characters 
is seen in the merychippine forms recorded from the lower Snake Creek 
beds of Nebraska. Dr. W. D. Matthew (1924, 159-162) has concluded 
from a study of this material that a single species, Merychippus paniensis 
Cope is represented. 


The Quatal Canyon specimen resembles rather closely the larger forms of 
Merychippus from the Barstow, particularly M. calamarius stylodontus, in 
simplicity of enamel pattern of the upper cheek-teeth. However, when 
teeth of the same stage of wear are compared, the Cuyama form is seen 
to resemble very closely specimen No. 21401, U. of C. Coll., referred to 
M.sumani Merriam. In the lower teeth the anteroexternal ridge of the 
protoconid is similar to that in M. sumani. 

Should the several types of merychippine horses known from the 
Bartow be regarded as variants of a single form, as inferred by Merriam 
in 1915 (a, page 9; b, page 50) and as suggested by Matthew in 1924 
(161-162) it may be found desirable to refer the Cuyama form to 
M. calamarius suman. 


Measurements in millimeters of dentitions of No. 41, Calif. Inst. Tech. Coll. 


Right Left 
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IPAS ETraNSVELSe mG lam eters eee ead ete nse DSRNA ete ea Ls D5 5 ee bs aM AL Vie! Ss 
Mil) vanteroposterior, diameters. ee eae 20.0 
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IP4E-transverse “VAMe bere eee eee eee a Loree ee eee 11.5 12.0 
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a, approximate 


Protohippus sp. 


The material referred to Protohippus includes several upper and lower 
teeth and a number of incomplete skeletal elements. 

Unfortunately in most of the upper teeth only portions of the crowns 
are preserved, making specific determination difficult. These teeth 
resemble Protohippus and differ apparently from Merychippus in size and 
shape. They are characterized by a heavy deposit of cement. The limb 
fragments available suggest a type intermediate in size between the mery- 
chippine forms of the middle Miocene and the equid species of the 
Pleistocene. 

The Cuyama form resembles somewhat the P. perditus group of the 
Great Plains region (Osborn, H. F., 1918, 127-130) except for the cross- 
section of the upper teeth, which is somewhat larger in the former than in 
the latter. A rather advanced stage in the development of the protohippine 
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horses from the Cuyama Miocene may be indicated by the size of the 
teeth, in which respect an approach is made to the genus Pliohippus. 


Measurements in millimeters of the protohippine teeth 


Transverse | Anteroposterior Height of 

width length crown 
Left upper molar, No. 19 ........ 31 27 35 
Left upper molar, No. 20 ........ a 25 a 26 33 
Left upper molar or premolar, No. 21 BY ks 29 42 
Melty R2eG7 \WiNot 228ee. see ee eee a 22 28 43 
Right upper molar, No. 23....... a 29 a 27 31 
Right upper premolar, No. 25.... a 26 29 53 
Left lower tooth, No. 26.......... a 16 a 26 30 
Right lower tooth, No. 27......... 12 26 45 
Right lower tooth, No. 28......... 13 a 26 35 


a, approximate 


Hipparion ? sp. 


A well-worn cheek-tooth, No. 24, from the Apache Canyon locality No. 
64, exhibits characters suggestive of the genus Hipparion. The tooth is 
badly weathered, but the preserved portion of the crown exhibits a size of 
cross-section and a complication of the enamel pattern, particularly of the 
fossette borders, as in Hipparion. 

The occurrence of the genus Hipparion in association with Merychippus 
is infrequent, and questionable in this case. 


Measurements in millimeters of right upper cheek-tooth No. 24 


IANTEFOPOSCEFIO I eNO Ligeti dee sony sey a sy cPevenelaichece fan a iay tet olebade ia eure: atetagele re regs otehayrete ere (?) 28 
PDTANSV.ETSC MAW CElipa Mreteeis aista Sle tie ices tee, ces Seu Lol eare Taste) ed tks Tayroe ro ease ate ey Ae suas Gs Sec shlenees 25 
Height of crown 


ARTIODACTYLA 
Oreodont sp. 


The presence of an oreodon in the Cuyama fauna is suggested by the 
posterior portion of a mandible with the roots of teeth remaining. This 
group of mammals may be further represented in the collection by several 
fragments of teeth and limb elements. The jaw fragment, No. 56, 
resembles in size No. 21487, U.C.C., from the Barstow, described as Mery- 
cocherus ? buwaldi by J. C. Merriam. The Cuyama specimen is not 
generically determinable. 

Camelid sp. 


A fragment of the symphyseal region of a lower jaw, two astragali, and 
several incomplete fragments of limb elements represent the occurrence of 
a comparatively large camel. In so far as comparison can be made, this 
material corresponds favorably with comparable camel elements from the 
Barstow Miocene. At least two fragments of proximal phalanges suggest 
the presence of a smaller form related perhaps to Procamelus. 


Merycodus sp. 


The merycodont antelopes are among the more common types represented 
in the fauna. The material consists for the most part of scattered teeth 
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and jaw fragments, parts of limb bones, carpal and tarsal elements, 
vertebree, and many small fragments of horns. A partially complete skull, 
specimen No. 59, C.I.T. Coll., with the right ramus of the lower jaw and 
several associated parts of the skeleton belonging to the same individual 
were collected at locality 64 in Apache Canyon. 

While the skull of this specimen is small, the individual represented is 
presumably not a particularly young animal for the sutures are all in- 
distinct, the teeth well worn, and the epiphyses completely fused with the 
shafts in the limb bones. A noteworthy feature of this specimen is the 
absence of horns, for the supra-orbital portion of the surface of the frontals 
is quite smooth. The margin of the left orbit has been crushed and the 
occipital region is also damaged. The right upper tooth row is complete, 
but the left series is entirely missing. M3 is a two-lobed tooth with a 
third incipient posterior lobe. M3 is a simple three-lobed tooth. 


Fic. 5—Merycodus sp. Fragment of 
left ramus of mandible with 
P4 to M8 inclusive; No. 60 
C.1.T. Coll.; lateral and 


occlusal views. x. LO: 
Cuyama Valley Miocene, 
California. 


It is difficult to reach a specific determination of the Cuyama form based 
on this material, inasmuch as the proportions and attitude of the horns 
have played a large part in distinguishing the various species described 
from the later Tertiary. The position of the cranial sutures and the 
unquestionable hypsodonty of the posterior molars in No. 59 clearly indi- 
cate an individual belonging to the merycodont group of antelopes. ‘The 
absence of horns in the Cuyama specimen may perhaps be attributed to a 
difference in sex, but it is noteworthy that hornless forms of the genus 
Merycodus have not been found as frequently as the horned types. 

The detached pieces of horn which have been found are too fragmentary 
to be of value in approaching a conclusion as to specific relationship. 
Apparently skeletal proportions are not sufficiently reliable to be of diag- 
nostic importance as a number of the recognized species can not be dis- 
tinguished safely on characters other than horn structure. 


Measurements in millimeters of specimens No. 59 and No. 60. 


Specimen Specimen 
No. 59 No. 60 
Potalmlengeth oss (skill A Mey ae ei ee tea Bae a132 
Approximate distance between orbital rims.................... 60 
Length of upper tooth row, P2 to M3 inclusive............ 45 
Length of lower tooth row, P2 to M3 inclusive............ 48 43 
(P4 to M8 inclusive) 
Deptheotemandiblembelowa Mis ee cee 15 


a@, approximate 
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LIST OF LOCALITIES 


Monterey Miocene of Cuyama Valley, Ventura County, California: 

Locality 48—Cliff sections and badlands in Quatal Canyon 2.5 miles 
east of Matthew’s ranch house. 
EK. ¥% sec. 34 and 8 & sec. 27, T.9 N., R. 23 W., S. B. M. 

Locality 64—Ravine off north side of Apache Canyon, approximately 
8 miles northeast of Cuyama Valley and immediately north- 
west of the potrero at the head of Apache Canyon. Sec. 2 
and portions of adjoining sections, T. 8 N., R. 23 W., 8S. B. M. 
U.S. G. S. Quadrangle, Mount Pinos. 
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Citellus (Protospermophilus) quatalensis n. subgen. and sp. 


Fig. 1, ramus of mandible, No. 31 C.1.T. Col., lateral view, x 4.0; fig. la, occlusal 
view, x 5.0. Fig. 2, ramus of mandible, No. 32, C.I.T. Coll., lateral view, x 4.0; 2a, 
occlusal view, x 5.0. Fig. 3, right ramus of mandible, No. 30 C.1.T. Coll., occlusal 
view, x 5.0. Fig. 4, left ramus of mandible, No. 30 C.1L.T. Coll., occlusal view, x 5.0. 


Fig. 5, superior dentition, No. 30 C.1.T. Coll., occlusal view, x 5.0. Cuyama Valley 
Miocene, California. 
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Citellus (Protospermophilus) quatalensis n. subgen. and sp. 


Figs. 1, la, 1b, skull, No. 30 C.1.T. Coll.; fig. 1, ventral view; fig. la, dorsal view; 


ieemlOwmlateralevilewrexe oO. Mices2semeht ramus) of mandible, No. 30) ©: Coll. 


lateral view, x 4.0. Fig. 3, left ramus of mandible, No. 30 C.I.T., lateral . view, 
x 4.0. Cuyama Valley Miocene, California. 


Hypolagus ? apachensis n. sp. 


Fig. 1, maxillary fragment, No. 37 C.1.T. Coll., occlusal view, x 5.0. Fig. 2, ramus 
of mandible, No. 86 C.1.T. Coll., lateral view, x 4.0; fig. 2a, occlusal view; x 5.0. Fig. 3, 
P3, No. 32 C.1.T. Coll., occlusal view, x 5.0. Fig. 4, ramus of mandible, No. 38 C.1.T. 
Coll., occlusal view, x 5.0. 


Perognathus furlongi n. sp. 


Figs. 5, 5a, skull, No. 35 C.I.T. Coll.; fig. 5, lateral view; fig. 5a, dorsal view; x 4.0. 
Fig. 6, superior dentition, No. 35 C.1.T. Coll., occlusal view, x 10.0. Cuyama Valley 
Miocene, California. 
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Merycodus sp. 


Fig. 1, skull, No. 59 C.1.T. Coll., ventral view, x 0.66; fig. la, P2 to M3 inclusive, 
occlusal view, x 1.33. Fig. 2, ramus of mandible, No. 59 C.I.T. Coll., lateral view, x 0.66; 
fig. 2a, P2 to M3 inclusive, occlusal view, x 1.33. Figs. 3, 3a, skull, No. 59 C.I.T. 
Coll.; fig. 8, dorsal view; fig. 3a, lateral view; x 0.66. Cuyama Valley Miocene, 
California, 
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A TERTIARY MAMMALIAN FAUNA FROM THE MINT 
CANYON FORMATION OF SOUTHERN CALIFORNIA 


INTRODUCTION 


The Mint Canyon beds, typically exposed in Mint Canyon, seven 
miles northeast of Saugus, California, were described by Dr. W. 8. W. 
Kew in Bulletin 753 (1924) of the United States Geological Survey. 
In 1919 during the course of geologic mapping of this region by Kew, 
fossil vertebrate remains were found at several localities. A pro- 
visional list of the vertebrates represented in the collection made at 
that time by Dr. Kew and by Dr. Chester Stock was recorded in 
Bulletin 753. However, no detailed study of the material was made. 
Further mammalian remains were secured from the Mint Canyon 
formation by Mr. J. W. Mitchell, Mr. Thomas Clements, Mr. H. J. 
Buddenhagen, by the Los Angeles Museum, and by the writer. 

In view of the position of the Mint Canyon beds, immediately below 
a series of marine formations of the Pacific Coast Marine Province, 
the terrestrial fauna secured from these deposits is not only important 
in establishing the age of the Mint Canyon but also furnishes a basis 
for a comparison of the Tertiary record of this region with that of the 
Great Basin to the east. Opportunities to correlate the Tertiary 
record of the marginal marine province with the terrestrial record of 
the Great Basin on the basis of land vertebrates are infrequent and 
warrant in the present instance a careful survey of the Mint Canyon 
fauna. 
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LOCATION, RELATIONSHIPS AND PHYSICAL FEATURES OF 
MINT CANYON FORMATION 


The fossiliferous Mint Canyon formation is exposed over an exten- 
Sive area located in the northern part of the Fernando Quadrangle and 
in the southeastern part of the Tejon Quadrangle, Los Angeles 
County, California. These quadrangles cover portions of the hilly 
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country between Liebre Mountain on the northwest and the San 
Gabriel Mountains on the southeast. Mint Canyon is located on the 
north side of the Santa Clara Valley about halfway between the Los 
Angeles Basin and the Mohave Desert (see figure 1). 
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Fic. 1—Index map of portion of southern California showing location (shaded 
quadrangle) of Mint Canyon deposits. 


The general geologic relationships of the Mint Canyon formation 
have been fully discussed by Dr. W. S. W. Kew. The observations 
recorded by Kew have been of considerable value to the writer during 
field work in this region. 

The Mint Canyon deposits overlie unconformably the Sespe ? for- 
mation (upper Oligocene or lower Miocene). The latter beds 
tentatively assigned by Kew to the Sespe are not fossiliferous but 
have been correlated on the basis of lithology and stratigraphic posi- 
tion. Overlying the Mint Canyon formation with angular discord- 
ance is a marine formation referred by Kew’ questionably to the 
Modelo. Recent studies of an invertebrate fauna from this formation 
have led Dr. W. P. Woodring? to state: “Rather poorly preserved 
specimens of Astrodapsis from this locality closely resemble A. 

1W.S. W. Kew, U. S. Geol. Surv. Bull. 753, 52, 1924. 

2W. P. Woodring, Abstract entitled “Age of the Modelo Formation of the Santa 


Monica Mountains, California,” 28th annual meeting, Cordilleran Section, Geological 
Society of America, Stanford University, California, 1929. 


A Tertiary Mammalian Fauna 81 


tumidus and these beds are regarded as the approximate equivalent 
of the Cierbo formation.” The determination would indicate that 
the marine beds are in part equivalent to the Modelo formation ex- 
posed at the type section near Modelo Canyon, as now restricted 
by Hudson and Craig.’ This location is also north of the Santa Clara 
Valley but some distance to the west of Mint Canyon. 

The association of primitive and advanced types within certain 
sroups of mammals in the Mint Canyon fauna led the writer to 
search for a break in the sedimentary record of the formation, but 
none was observed. Beds comprising the formation are heterogenous 
and vary laterally. There is no well-marked break in type of sedi- 
ments, although it was observed that beds of reddish tinge predomi- 
nate in the lower part of the exposed section, intermingled brownish 
and grayish beds in the middle portion, and grayish colored deposits 
are particularly in evidence in the uppermost portion. Gray beds are, 
however, common throughout the formation, and the more highly 
colored deposits do not show sufficient regularity in their distribution 
to be useful in establishing zones. 

The lower beds are largely coarse red sandstones with interbedded 
grayish and reddish silts. They are occasionally fossiliferous. In the 
middle part of the formation brown soily members and gray silty 
members, both fossiliferous, are interbedded with coarse, gray, cross- 
bedded conglomerates and fanglomerates. Several of the silty beds in 
this part of the formation contain many tests of the fresh-water 
gastropod, Paludestrina imitator Pilsbry.2 These are apparently 
lacustrine deposits. Occasionally mammalian remains are found in 
these sediments. 

As noted by Kew the Mint Canyon beds are involved in several 
rather sharp folds west of Bouquet Canyon, but elsewhere are gently 
folded with structural axes striking northeasterly. A thickness of 
4,000 feet plus or minus is assigned by Kew to the entire formation. 
It appears to the writer that the thickness west of Mint Canyon 
itself does not greatly exceed 1,000 feet. Here the lower beds are 
faulted against a schistose basement complex to the north. Beds 
mapped by Kew as part of the Mint Canyon formation in a large 
area to the east of Mint Canyon differ lithologically from the deposits 
west of Mint Canyon, and yielded no fossils. 


OCCURRENCE OF THE PALEONTOLOGICAL MATERIAL 


The mode of accumulation of the Mint Canyon beds was apparently 
not favorable to burial of skeletal parts in association. Although 
effects of transportation were not noticed on specimens, they were 
probably scattered and exposed to weathering agencies before burial. 


1F.S. Hudson and E. K. Craig, Bull. Am. Assoc. Pet. Geol., vol. 18, 509-518, 1929. 
2W.S. W. Kew, op cit., 54, 1924. 


82 Contributions to Paleontology 


Broken teeth and bones are derived from soily accumulations. Lake 
and stream deposits occasionally contain fossils. Fossiliferous hori- 
zons are, however, infrequent. Good specimens are exceedingly rare. 


RELATION OF THE MINT CANYON FAUNA TO ITS ENVIRONMENT 


The Mint Canyon beds are exposed to the northwest of the San 
Gabriel Mountains. It appears not unlikely that the range con- 
tributed sediments to a broad valley on the northwest during Mint 
Canyon time. Adjacence to a prominent mountain mass of this 
type would apparently favor considerable local variety in en- 
vironment. 

Since the region in which the Mint Canyon deposits occur lies 
geographically contiguous to the Mohave Desert area and was pre- 
sumably in direct communication with it during the period of 
accumulation of these sediments, one might expect to find similar 
environmental conditions prevailing at the Mint Canyon and Bar- 
stow localities. As a matter of fact, the similarities in faunal as- 
semblages suggest that this was actually the case. 

Seemingly the presence of relatively abundant remains of 
hypsodont horses, antelopes, camels and rabbits, indicates that the 
vegetation must have been at least as great as that supported by a 
semi-arid region. The climate was necessarily more humid than that 
characterizing the Mohave Desert at the present time. 

Great numbers of fresh-water gastropods occurring locally in fine- 
grained sediments indicate the presence of fresh-water lakes. The 
occurrence in the Mint Canyon fauna of a turtle, possibly related to 
Clemmys, is supplementary evidence. Rabbits and large tortoises, 
related perhaps to Testudo, may have frequented the more arid dis- 
tricts. The grazing types of mammals with long crowned teeth 
occupied the grass-covered plains. Parahippus, the peccary, and 
possibly the oreodont, mastodon, and Miolabis may have found con- 
genial wooded areas along the streams and beside the lakes. 


FAUNAL RELATIONSHIPS 


Correlation of the Mint Canyon assemblage with vertebrate faunas 
of the Pacific Coast Marine Province is rendered difficult by the dearth 
of comparable forms. It is immediately recognizable that Merychip- 
pus californicus characterizing the Merychippus zone at Coalinga is 
inferior in stage of development to the large protohippine types of 
Merychippus and Hipparion-like forms from the Mint Canyon. The 
latter assemblage is definitely later. 

Some correspondence is found with the mammalian fauna from 
the Cuyama region, Ventura County, California, which is described 
by C. L. Gazin. This occurrence lies to the northwest of Mint 
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Canyon in the direction of Coalinga. Unfortunately paleontological 
correlation is possible only on the basis of Merychippus sumani which 
is common to both faunas. Although this similarity does not estab- 
lish contemporaneity, it suggests agreement to within a comparatively 
small portion of a period. 

Turning to the Great Basin Province we find faunas which are 
more completely known and which are more closely comparable to that 
of Mint Canyon. The closest correlative in distance and time, the 
Barstow, possesses an almost identical equine assemblage, common 
forms being Parahippus, Merychippus intermontanus, Merychippus 
sumani and Protohippus. However, the Mint Canyon fauna shows 
the introduction of Hipparion ? near mohavense, related to the 
Ricardo species, as well as other Hipparion-like types. The Ricardo 
fauna contains also Phohippus tantalus and Pliohippus farbanksi 
which are absent in both the Barstow and the Mint Canyon, while 
it lacks Parahippus ? mourning: found in the other two faunas. 
On the basis of the horses present, it would appear that the Mint 
Canyon is intermediate in age between the Barstow and Ricardo, 
perhaps bridging in a measure at least the hiatus between the two. 
The following table illustrates the relationships of these three faunas. 


Comparative faunal lists of the Barstow, Mint Canyon and Ricardo 


Barstow | Mint Canyon | Ricardo 
Aelurodon near wheelerianus| Aelurodon, sp. Aelurodon aphobus 
Lepus Hypolagus ? cf. apachensis |Lepus or Hypolagus 
“Tetrabelodon” Trilophodon sp. Trilophodon sp. 
Merycocherus ? buwaldi Oreodont cf. Merychyus Merycochcerus 

(Metoreodon) californicus 

Prosthennops ? sp. Prosthennops ? sp. 
Merycodus necatus ? Merycodus near necatus Merycodus near necatus 
Merycodus fureatus Merycodus furcatus 


Hypohippus near affinis 


Parahippus ? mourningi Parahippus ? near 
mourningi 


Merychippus intermontanus |Merychippus intermontanus 


Merychippus sumani Merychippus sumani 
Merychippus sp. 


Protohippus ? or Protohippus sp. 
Pliohippus ? Hipparion ? near mohavense |Hipparion mohavense 


Hipparion ? sp. 
Pliohippus tantalus 


Pliohippus fairbanksi 
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With the exception of Alticamelus alexandre, the camels of the 
Barstow are at present too incompletely known to permit comparison 
with the Mint Canyon forms. 

The Mascall fauna appears to be definitely older than the Mint 
Canyon. The advanced stage shown by Parahippus ? mourningi 
from the Barstow led Merriam to consider it as a primitive Parahippus 
rather than Archeohippus. Its advance over Archeohippus ultimus 
Cope from the Mascall is shown by greater size and by the loss of 
the external cingulum on the cheek-teeth. This difference is noted 
by Merriam.’ Teeth of Merychippus isonesus from the Mascall are 
smaller and have a lighter coat of cement than those of M. suwmanz. 
In the camel group the Mascall and Mint Canyon formations possess 
comparable forms, Miolabis transmontanus and Miolabis californicus. 
The Mint Canyon species is somewhat smaller and more primitive 
in tooth structure. Miolabis californicus is apparently a survivor 
from an earlier stage in the Miocene. 


Hipparion condoni Merriam from the Ellensburg formation of 
Washington is a primitive type and shows some points of similarity 
to one of the Mint Canyon forms, Hipparion ? sp. A. The appearance 
in both horizons of primitive Hipparions suggests a closer correspond- 
ence between the Mint Canyon and the Ellensburg than between the 
Mint Canyon and the Mascall. 


The Mint Canyon does not admit of close correlation with deposits 
of the Great Plains Province because of geographic separation. The 
Santa Fé beds of New Mexico which are referred to the upper Miocene 
have some comparable forms. It is significant to note the presence 
of Merychippus calamarius, a species closely related to large proto- 
hippine horses of the Barstow. Two of these species, Merychippus 
intermontanus and M. sumani, are found also in the Mint Canyon. 
Proboscidea of the Trilophodon type occur in both deposits. Frick 
has established a close time relationship between the Santa Fé and 
the Barstow. On the basis of this correlation the Mint Canyon might 
be regarded as somewhat younger than the former horizon. 


The Pawnee Creek beds of Colorado possess an earlier assemblage 
than the Mint Canyon, for like the Mascall the deposits have yielded 
Merychippus isonesus. Matthew? has correlated the Pawnee Creek 
beds with the lower Snake Creek beds of Nebraska because of a 
close correspondence of faunas. Merychippine forms of these 
formations are smaller and less advanced than the large protohippine 
types from the Barstow and Mint Canyon. The upper Snake Creek 
beds with Pliohippus and advanced Hipparion are younger than the 
Mint Canyon. 


1J. C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 11, 477, 1919. 
2W. D. Matthew, Bull. Am. Mus. Nat. Hist., vol. 50, 72, 1924. 
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AGH OF THE MINT CANYON 


The stratigraphic occurrence of a primitive Merychippus, Parahip- 
pus ? near mourning: and Miolabis californicus in the lower portion 
of the exposed Mint Canyon section might be considered as adequate 
paleontological evidence for assigning an older age to these beds, 
in which case an unconformity must be assumed. ‘The presence of 
Parahippus in the Barstow detracts from its stratigraphic value in 
the Mint Canyon by extending the range of the genus into the upper 
Miocene, where it is found associated with more advanced forms. 
The occurrence of a primitive Merychippus does not indicate neces- 
sarily a hiatus between the beds containing this type and the de- 
posits higher in the section. The camel on the other hand, be- 
cause of its relationship with Pseudolabis and Miolabis, is suggestive 
of an older horizon. Aside from these forms with the limitations 
mentioned the fauna of the Mint Canyon beds has a unified char- 
acter. 


Time relationship of Mint Canyon fauna to Miocene vertebrate and invertebrate 
faunal horizons of western North America 


Pacific Coast Marine Province 


Pee Te ee Great Basin Great Plains 
erio : : 
Marine Terrestrial Province Province 
Ricardo 
Santa Margarita 
Upper 
Cierbo 
Miocene Mint Canyon 
Modelo Barstow Santa Fe 
Briones Cedar 
Mountain 
Middle 
Temblor (Topanga) |Merychippus zone |Mascall and |Lower Snake Creek 
Miocene at Coalinga Virgin 


Valley 


Faunal relationships suggest that the Mint Canyon formation is 
younger than the Mascall, Virgin Valley, and Cedar Mountain 
occurrences, while close to although somewhat younger than the 
Barstow. The Ricardo is slightly younger than the Mint Canyon. 
This evidence appears sufficient to assign an upper Miocene age to 
the formation. Further information bearing upon age is given by 
the stratigraphic position. If the overlying marine formation is of 
approximately Cierbo age as believed by Woodring, the Mint Canyon 
formation is precluded from occupying the uppermost part of the 
Miocene represented by the Santa Margarita and possibly by a por- 
tion of the Cierbo. The Mint Canyon formation is further depressed 
in the geologic column by the hiatus during which deformation and 
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erosion of the Mint Canyon beds occurred before submergence and 
deposition of the overlying marine series. Taking into consideration 
the facts available, it appears that the Mint Canyon beds were de- 
posited during approximately the middle portion of the upper 
Miocene. 

OCCURRENCE OF HIPPARION 


A noteworthy feature of the equine group of the Mint Canyon 
fauna is the diversity of types represented. In this respect similarity 
to the Barstow fauna is suggested, for in the latter assemblage a wide 
variety of forms is also found. At both localities are recorded 
anchitheriine horses related to Parahippus or Archeohippus. Asso- 
ciated with this form are more progressive types of horses, identified 
as Merychippus (Protohippus) intermontanus and Merychippus 
sumani. 

The advanced character of some of the protohippine horses of the 
Barstow, exhibiting apparently a relationship with the Hipparion 
eroup, was recognized by Merriam. It is of special interest to note 
that within the Barstow assemblage there prevailed considerable 
variation in structural characters at a time not long antecedent to 
the period of the Ricardo accumulation when a Hipparion type with 
comparatively primitive characters had become definitely established 
in the California region. In this connection Merriam + states: “While 
it is improbable that the known Hipparion forms of the Ricardo fauna 
are descended directly from any known Hipparion-like species of 
Merychippus of the Barstow fauna, the proximity of the two in 
morphologic characters, geographic situation, and in time, strongly 
suggest close relationship.” 

The collections from the Mint Canyon formation have yielded 
teeth more advanced in structural features than those referable to 
species of Merychippus and tending in some instances toward those 
characterizing the Hipparion group. These forms appear to be some- 
what more progressive than the Barstow types, yet have apparently 
not quite reached the stage of development seen in the typical 
Hipparions of the Ricardo. An analysis of the characters presented 
by these forms has inclined the writer to refer them, until known 
by more complete material, at least tentatively to the genus 
Hipparion. 

Should the disposition here made of the forms prove to be correct 
there may be added reason for assuming that the origin of the Hip- 
parion group, as represented by species in the Ricardo, occurred in 
or near the Mohave area during the later Tertiary. 

Moreover, the presence of Hipparion or Hipparion-like horses in the 
Mint Canyon, showing resemblances to the Ricardo species, is 


1 J.C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 11, 558, 1919. 
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significant as implying perhaps a greater antiquity to the Ricardo as- 
semblage than has been hitherto assumed.* 


DESCRIPTION OF FAUNA 


TESTUDINATA 


Portions of a thick carapace and plastron as well as an associated limb 
bone indicate the presence in the Mint Canyon vertebrate fauna of a large 
land tortoise. The carapace has a maximum thickness of 4 cm. This form 
exceeds Testudo mohavense in size. 

Fragments of the carapace of a small turtle are frequently encountered 
in the Mint Canyon formation. The specimens never exceed a thickness of 
approximately 8 mm. and in this character are to be distinguished from 
the large form mentioned above. The fragments may represent a fresh- 
water turtle resembling Clemmys. 


AVES 


A proximal portion of a claw with a bony prominence on the inferior 
surface is the single record of a bird. 


CARNIVORA 


Aflurodon sp. 


Remains of a single carnivore found in the Mint Canyon represent 4 
canid type related presumably to Hlurodon. The material includes several 
teeth and tooth fragments, No. 125 C. I. T. Coll., belonging to one indi- 
vidual. The upper carnassial, still retained in a fragment of the maxilla, 
is shown in figure 2, a and 6. A canine and second superior molar are 
shown in figures 2, d and c. 


Fic. 2, a to d—4Ailurodon sp., 
Teeth, No. 125 C.I.T. 
Coll.; a, P4, lateral 
view, b, P4, occlusal 
view, c, M2, occlusal 
view, d,C, lateral view; 
x 10. Mint Canyon 
Miocene, southern Cali- 
fornia. 


1JIn recent years the presence of Hipparion mohavense in the Ricardo has suffered 
some loss of value as prima facie evidence in support of the view that this fauna is 
Pliocene in age. Thus Stock and Furlong suggest that the fauna may be, at least in 
part, transitional from Miocene to Pliocene. Recently Stock has recorded the species, 
Hipparion mohavense, aS coming presumably from the Puente formation of southern 
California. The recognition of Hipparion as an autocthonous type in America and the 
presence of the genus in faunas referred to the Pontian stage in Europe have led 
Matthew to regard the range of this form as extending backward into the upper 
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The crown of the canine is relatively slender. P4 is relatively short and 
broad compared with 4lurodon aphobus Merriam from the Ricardo. A 
groove situated on the anterior portion of the tooth suggests the presence 
of a parastyle. This cusp was apparently subdued. The crown gives little 
indication of the presence of a protocone, but the inner root is very strong. 
In this respect No. 125 is like Hlurodon hayden validus Matthew and 
Cook.! The protocone ridge of M2 is almost obliterated by wear. The para- 
cone was apparently the most important cusp. 

The Mint Canyon form is much smaller than either A. aphobus or A. 
hayden. ‘The species from the Barstow regarded by Merriam as close to 
A. wheelertanus Cope from the Sante Fé is also larger in size. The proto- 
cone and parastyle are more prominently developed than in the Mint 
Canyon specimen. 


Comparative measurements (in millimeters) of teeth 


A®lurodon 
eon Rs aphobus Merriam 

Eieoty: i U.C. Coll. 
CO, theight of) crown: 2 eee. wa ene ee al0 
iPAanteroposternloradiamete rs anne 21.6 8Ph33 
IPA CLaAnsVeTSeRdlaMele ree eae 10.4 11/55, 
M2, anteroposterior diametet........................-.---- | 9.3 
M2 EaCRANSV.ETrSCRGl ale Ue Tyee etree eae eee 13.5 18.2 


a, approximate 
LAGOMORPHA 


Hypolagus? cf. apachensis Gazin 


A number of rabbit teeth have been collected in the Mint Canyon 
formation. A fragment of a ramus No. 123 C.L.T. is illustrated by figure 3. 


Fic. 3—Hypolagus? cf. apachensis Gazin. 
Fragment of ramus with P3 to M1 
inclusive, No. 123, C.1.T. Coll.; x 4.0. 
Mint Canyon Miocene, southern Cali- 
fornia. 


Dice? distinguishes members of the lagomorph group on the basis of cer- 
tain structural features seen in lower premolar three. 

In size and cementation, the Mint Canyon specimens represent a stage 
of development intermediate between Lepus and Archeolagus. P3 differs 
from that of the genotype, Hypolagus vetus (Kellogg) from the Virgin 
Valley beds of Nevada, in greater depth of enamel infolding on the outer 
side of the tooth. On the inner surface is a groove not found in H. vetus. 
The Mint Canyon form differs widely from the genotype in smaller size. 


Miocene. ‘The occurrence of these types in the Mint Canyon underlying marine beds 
that are presumably upper Miocene in age may be regarded as confirmatory evidence 
in support of the view that the downward range of the Hipparion group is not limited 
to the Pliocene. 

1W. D. Matthew, Bull, Am. Mus. Nat. Hist., vol. 50, 100, 1924. 

2L. R. Dice, Univ. Calif. Publ., Bull. Dept. Geol., vol. 10, 179-183, 1917. 
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In size P3 of the Mint Canyon form is close to that of Hypolagus edensis 
Frick from the Eden beds in the vicinity of Mount Eden, southern Cali- 
fornia, and also to that of Hypolagus ? apachensis Gazin 1 from the Cuyama 
region. The Mint Canyon species differs from H. edensis in the shape of 
P3 and in the position of the antero-external re-entrant angle. The enamel 
surface of the inner side is not grooved as in the Mint Canyon specimen 
or in the type of H. ? apachensis. In the latter the loops lie on a line 
nearly parallel to the longitudinal median, while in H.. edensis the line to 
which the loops are tangent is directed inward at a large angle. 

The lower molariform teeth have re-entrant angles which extend almost 
across the crowns. The loop curves posteriorly at its inner extremity. The 
inner side of each tooth is grooved in contrast to the rounded inner surface 
of the teeth in H. edensis. 

The upper molariform teeth have a re-entrant angle with crenulated 
margins extending a little more than halfway across the crown. 


Comparative measurements (in millimeters) of teeth 


ea peu eae H. vetus H. edensis 


: : No.12565 No. 23376 
apachensis | apachensis U.C UC 
No. 38 C.I.T.|No. 113 C.1.T. Ce -v. 


P3, anteroposterior diameter.. 2,33 2.4 
P3, transverse diameter 2.0 2nd, 
MI, anteroposterior diameter 2.0 2.0 


MI, transverse diameter ell 22 


39 C.LT|No.131 C.L.T. 


P4, anteroposterior diameter Hoff 1.8 
P4, transverse diameter 2.6 Delf 
M1, anteroposterior diameter 1.8 1.8 


M1, transverse diameter 3.0 3.0 


PROBOSCIDEA 
Trilophodon sp. 


A nearly complete left M3, No. 120, C.I.T. Coll. (fig. 4 a and b), belongs 
to a mastodon presumably related to Trilophodon. Fragments of mastodon | 
teeth have been found at several localities. In size the Mint Canyon form 
is much smaller than Trilophodon pojoaquensis Frick from the Santa Fé 
of New Mexico. No. 120 is considerably smaller than the Trilophodon sp. 
from the Ricardo and is somewhat larger than Trilophodon productus Cope 
from the Santa Fé. Four major crests and a rudimentary fifth crest are 
present on the tooth crown. The first two crests are worn and the third 
shows incipient wear. 


1C, L. Gazin, this publication, No. VI, 67. 
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Fig. 4, a and b—Trilophodon, sp. M3, No. 120 C.1.T. 
Coll., a, lateral view, b, occlusal view; x 0.50. 
Mint Canyon Miocene, southern California. 


A cingulum is missing. The first and second crests possess a pattern 
approximating in degree of complication the species 7’. pojoaquensis, while 
the third and fourth crests have each a single large tubercle on the outer 
side and two smaller cusps on the inner side. Fewer accessory tubercles are 
present on these crests than in 7’. pojoaquensis. Compared with 7. produc- 


Comparative measurements (in millimeters) of M3 


s |T. pojoaquensis 


Trilophodon, sp.|Trilophodon, sp. T. productu 


Nios ISD Gh 1 Ws, AS eg NO GD 10, IS) Mo alate 
Nat. Mus. Am. Mus. 
Antero-posterior 
diameter ....... 156.5 172.7 143 197 


Transverse diameter 
across first crest. a 73.2 a 71 


Transverse diameter 
across third crest. 68.5 69.5 


a, approximate 
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tus, the pattern seems on the whole more complex. From the Ricardo 
Trilophodon the Mint Canyon specimen differs in greater complexity of the 
anterior two crests and the smaller number of tubercles present in the 
posterior portion of the tooth. 


EQuip® 
Parahippus? (Archeohippus) near mourningi Merriam 


Anchitheriine horses in the Mint Canyon assemblage are recorded by a 
fragment of a jaw belonging to an immature individual. This specimen, 
No. 23852 from Univ. Calif. Coll. Loc. 3554, possesses Dm3 and Dm4 and 
appeared as shown in figure 5, a and b. Subsequently the unerupted P3 and 


P4 were removed from the ramus. These teeth are illustrated in figure 5, 
c and d. 


Fic. 5, a to d—Parahippus ? (Archeohippus) near mourningt Merriam. Frag- 
ment of ramus with deciduous and permanent teeth, No. 23852 U.C. 
Coll., a, occlusal view of Dm3 and Dm4, b, lateral view of ramus and 
Dm3 and Dm4, ¢ and d, P3 and P4, occlusal and lateral views; x 1.0. 
Mint Canyon Miocene, southern California. 


An internal cingulum is absent on the milk teeth. The prominent cingu- 
lum on the anterior side of the crown becomes slight on the outer sur- 
face of the protoconid, but terminates in a pronounced cusp in the valley 
between the protoconid and hypoconid. There is no cingulum on the outer 
surface of the hypoconid, although a ledge is faintly developed on the 
posterior side of the crown. The genotype, Parahippus cognatus Leidy, is 
based on deciduous teeth, No. 567 U. S. Nat. Mus. Dm2 in this form is 
larger than the deciduous molars of the Mint Canyon species. The meta- 
conid-metastylid column and the entoconid-entostylid column are broader 
than in No. 23852. The brachydonty of the teeth is comparable. 

The permanent teeth having suffered no attrition are rather long crowned. 
No cement is present and none is reported on the type of the species. The 
enamel surface is but very faintly rugose and in this respect differs from 
that in Parahippus. A cingulum is present only on the anterior side of the 
crown. The metaconid and metastylid columns are separated near the top 
of the crown. The form differs from Hypohippus in the absence of an ex- 
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ternal cingulum and in the separation of the metaconid and metastylid. 
The entostylid is developed much as in the type of the species. 

No. 23852 is larger than any specimen referred to Archeohippus. Parahip- 
pus ? mourning: from the Barstow which has been assigned to Archeohip- 
pus by Osborn is somewhat smaller. Parahippus pawniensis Gidley from 
the Pawnee Creek beds is also smaller. 


Comparative measurements (in millimeters) of lower teeth 


Archeohip- 
Parahippus | Parahippus | Parahippus | Archeohip- | pus penul- 
near mour- cognatus mourningi | pus ultimus timus 
ningi No. | No.567U.S.| No. 19764 No. 1700 No. 18950 
23852 U.C. | Nat. Mus. Wie: U. C. Am. Mus. 
Nat. Hist. 
Dm2, antero- 
posterior 
diam eterian aaa 22.51 
transverse 
diameter. ius eee PAGS) 
Dm3, antero- 
posterior 
diameter .. G37: SA esr area te 
transverse 
diameter .. GND SHR a | Rae areca kets 
Dm4, antero- 
posterior 
diameter .. 1 ere Cara bt elt re Aaa 
transverse 
diameter .. CAO VO Lagat craic 
height of 
protoconid. Us 9 4 a aado 
P3, antero- 
posterior 
diameter ... HGS celle atoreres al5.8 12.0 10.1 
transverse 
diameter ... ORT Me rel stnerayeralre 10.5 9.8 9.0 
height of 
protoconid.. LIE Miata MOG Gada 44) Llogs 01 
P4, antero- 
posterior 
diameter ... 17 ois anaes oleae 15.0 bets 10.7 
transverse 
diameter ... LEQ. ee St Meroteter ee 10.5 Leetawe 9.2 
height of 
protoconid.. LOPS ctl ei, Mireiercus heh ouibal | aR eiore ee 


1Measurements from figure 71, Osborn’s Revision of the Hquide, Mem. Am. Mus. Nat. 
HisteeNe Sa voluitneart hao. lols: 


@ approximate. 
Merychippus sumani Merriam 


An incomplete upper cheek-tooth, series No. 116 from C. I. T. Coll. Loc. 
101 in the Mint Canyon formation, is referable to Merychippus suman. As 
shown in figure 6, P2 and the inner portion of P4 are missing. The teeth 
are well worn. 
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As in the type of M. sumani from the Barstow the teeth are relatively 
small, curved and well cemented. The protocone is oval to subcircular in 
shape and is separate even in well-worn M1. The fossette borders are 
relatively complicated. 


Fic. 6—Merychippus sumani Merriam. Superior cheek-tooth series, P3 to M3 
inclusive, occlusal view, No. 116 C.1.T. Coll.; x 1.0. Mint Canyon 
Miocene, southern California. 


M. sumani is the smallest of the Barstow horses whose similarity to 
Merychippus calamarius (Cope) from the Santa Fé has been noted. In 
teeth of M. calamarius the protocone is not symmetrical as in the Mint 
Canyon form, but gives rise to an anterior spur. The large form, Mery- 
chippus (Protohippus) intermontanus Merriam, differs in size, simplicity 
of fossettes, and early union of protocone and protoconule. On the basis 
of the material from the Mint Canyon and in the absence of teeth referable 
to M. calamarius stylodontus from this formation the species M. sumana 
and M. intermontanus appear clearly as two distinct types. 


Comparative measurements (in millimeters) of upper cheek-teeth 


: M. sumani K 
M. sumani No. 21422, M. sumani 


No. 116 C.1.T. Gl, anne No. 21401 U. C. 


P3, anteroposterior diametev...... DAVE BG | 2a | il RC a ee 20 
P3, transverse diametev-...............- DOL SIM Mama! AeA Nae ena ls 21.9 
P38, height of crown.............::+-+--+- PAIR OMRY WY Le ee eee 16 
P4, anteroposterior diameter.... 21.0 22.0 20 
iPAMitransyersemadlame tenes nn) Nyeeeeae 20.8 21.6 
P4, height of Crown..............-s-+- 24.0 

M1, anteroposterior diameter.... 19.5 19 17.4 
M1, transverse diameter.............. 20.8 19.4 20.6 
M1, height of crown.................... 19.9 

M2, anteroposterior diametev.... 20.7 20.8 20 
M2, transverse diametev.............. 20.3 18.1 19.3 
Mo2ssheight mot crowmee ees 23.9 32.8 20 
M38, anteroposterior diameter.... 21.0 19.7 

M3, transverse diametev.............. 16.8 115).{5) 


M3, height of crown...................- 23.0 
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Merriam notes that in some characters of the cheek-teeth, M. sumani ap- 
proaches Hipparion. According to Merriam, M. suwmani is clearly dis- 
tinguished from the latter genus by more strongly curved crowns, greater 
simplicity of fossettes, and a thinner coating of cement. 


Merychippus sp. 


M8, No. 18 from C. I. T. Coll. Loc. 97 and shown in figure 7, a to c, rep- 
resents a Merychippus form slightly smaller than Merychippus sumant. 


Fic. 7 a_ to c—Merychippus sp. M3, No. 18 
CIT. Coll. a; outer view, b, occlusal 
view, ¢, posterior view; xX 1.0. Mint 
Canyon Miocene, southern California. 


In character of size, this specimen appreaches M. californicus of the Mery- 
chippus zone of the North Coalinga region, California. The curvature of 
the crown, as seen in side view (fig. 7c), is comparable to that noted in last 
upper molar teeth belonging to a small species of Merychippus from the 
Barstow. The latter may represent M. sumant. In No. 18 C. I. T. the 
outer surface of the crown is devoid of cement, and the mesostyle, while 
somewhat worn, appears to be slender. The transverse diameter of the tooth 
diminishes very pronouncedly toward the grinding surface, perhaps no more 
so than in Merychippus teeth from the Barstow. 

While the tooth is but slightly worn, the protocone is seen to occupy 
an almost median position on the inner side. This cusp is a flattened oval 
in cross-section and, judging from its form and position, is separated from 
the protoconule up to an advanced stage of wear. Plication of the fossettes 
resembles that in M. californicus and in small teeth of Merychippus from 
the Barstow. An unusual feature is presented in the postfossette, which 
remains open posteriorly. This opening prevails to the base of the crown. 
A similar character is exhibited by teeth of a more primitive type of Mery- 
chippus described by J. P. Buwalda* from the Phillips Ranch Miocene of 
the Tehachapi region, California. 

Teeth of M. californicus exhibit considerable variation in size and enamel 
pattern. The Mint Canyon specimen is comparable to the smaller teeth 
representing M. californicus. The protocone in No. 18 is flatter and the 
anterior spur extending toward the protoconule, which is usually present 
in M. californicus, is absent in the former. <A single tooth of M. californicus, 
No. 21280 U. C., figured by Merriam, ? has a somewhat similar pattern. 
It is significant to note that while many teeth of M. californicus are avail- 


1 J. P. Buwalda, Univ. Calif. Publ., Bull. Dept. Geol., vol. 10, 78, 1916. 
2 J.C. Merriam, Trans. Am. Phil. Soc., N.S. vol. 22, Part 11, 8, 1915. 
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able from the North Coalinga locality, not a single specimen has been 
observed in which the postfossette is open posteriorly after moderate wear. 

Teeth of M. sumani from the Barstow, in comparison with No. 18 C. I. T. 
possess a protocone tending to become circular, a heavier coat of cement 
and are of larger size. However, in the collections available from this 
horizon teeth are present which approximate rather closely in size, cementa- 
tion, and enamel pattern, No. 18 from the Mint Canyon. In view of the 
primitive character presented perhaps by the open postfossette in No. 18, 
it should be indicated that this tooth was found in the lower portion of the 
Mint Canyon formation. 


Comparative measurements (in millimeters) of M3 


Merychippus sp. M. californicus M. sumani 


No. 18 C.I.T. No. 21246 U.C. No. 21422 U.C. 
Anteroposterior 
diametentc cscrac cess: 18.1 17.7 I)7/ 
Transverse diameter... .|- 15.0 15.2 15.5 
Height of crown........ 31.0 29.5 32.8 


Fic. 8, a to f—Merychippus (Protohippus) intermontanus Merriam. a and b, P2 
and P38, No. 30041 U.C. Coll., lateral and occlusal views, c, incisor, No. 
30043 U.C. Coll., occlusal view, d, canine, No. 30044 U.C. Coll., lateral 
view, e and f, P2, No. 30042 U.C. Coll., lateral and occlusal views; x 1.0. 
Mint Canyon Miocene, southern California. 


Merychippus (Protohippus) intermontanus Merriam 


A much worn P2, No. 30042 U. C. (fig. 8, e and f), and well-worn lower 
premolars two and three, No. 30041 U. C. (fig. 8, a and 6), are assigned to 
this species. An incisor, No. 30043 U. C. (fig. 8c), and a canine, No. 30044 
U. C. (fig. 8d), apparently belong to the same form. All specimens were 
found at Univ. Calif. Coll. Loc. 3555. 
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The fossettes in P2 are joined and communicate with the inner side of the 
tooth by a valley situated between the protocone and hypocone. The fos- 
sette borders are simple as in the type of the species. The enamel pattern 
noted in No. 30042 occurs in both merychippine and protohippine forms. 
Merychippus sejyunctus (Cope) from the Pawnee Creek beds of northeastern 
Colorado and Protohippus perditus (Leidy) from the Niobrara River forma- 
tion of Nebraska present a similar stage of development of tooth pattern. 
No. 30042 is much larger than the tvpe of M. sejunctus and somewhat 
larger than that of P. perditus. Merychippus (Protohippus) intermontanus 
from the Barstow is similar in enamel pattern although somewhat smaller 
in size. 

Comparative measurements of teeth (in millimeters) 


M. intermon- | M. intermon- |M. ec. stylodon- 
tanus tanus type tus 
No. 30042 U.C.| No. 21400 U.C.| No. 21404 U.C. 
Mint Canyon Barstow Barstow 
P2, anteroposterior diametev...... Sym | 27.8 28.9 
P2, transverse diameter.............. 24.2 18.5 24.2 
P2, height of crown.............-...---.- 29.0 


No. 30044 U.C. | No. 21459 U. C. 


C, anteroposterior diametev........ 4.8 3.9 


C, transverse diametev................ 4.1 43 


No. 30043 U. C. | No. 21459 U. C. | No. 21463 U. C. 


I2, anteroposterior diametev...... 10.5 7.7 7.2 
I2, transverse diametev................ 13.9 11.6 13.2 
I3, anteroposterior diametev...... 8.8 Gaon 

I3, transverse diameter................ 13.9 5.9 12.8 

No. 30041 U. C. | No. 21228 U. C. | No. 21892 U.C. 

P2, anteroposterior diametev...... Zilks Zin, 21.8 
P2, transverse diametev.............. LUGS S Oma meet) LA ly cde 10.6 
P3, anteroposterior diametev.... 21.0 20.4 20.4 
P3, transverse diametev.............. 17.0 AD 12.0 


a, approximate 


The two lower premolars have a simple pattern (fig. 8, a and b), com- 
parable to that found in M. sejunctus and M. intermontanus after con- 
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siderable wear. These teeth are much larger than the corresponding teeth 
of M. sejunctus and are heavily cemented. The metaconid-metastylid 
column is relatively short anteroposteriorly. The groove flattens out near 
the base of the crown. The entostylid is obliquely truncated anteriorly. 
These teeth resemble those of Protohippus. 

As previously mentioned, the merychippine forms of the Barstow are 
closely interrelated. To quote from Merriam:! “The large M. intermon- 
tanus closely approaches the M. calamarius stylodontus form through the 
medium of specimens like No. 21409, in which the protocone unites with 
the protoconule in incipient wear and the fossettes have relatively simple 
borders. The crowns are, however, much larger in M. intermontanus.” 
While a slight discrepancy in size remains, the similarity of crown pattern 
between the teeth from the Mint Canyon and those of the type from the 
Barstow seemingly warrants the recognition of the former as belonging 
to the M. intermontanus group. 

The generic determination of these forms as Merychippus is doubtful. 
In this connection it is interesting to note that Merriam states: “In the 
series of Merychippus forms of the Barstow fauna as now known [1919], 
the range of characters very nearly includes the range from Merychippus 
to Protohippus and Hipparion. In the large M. intermontanus there is no 
clear separation from Protohippus on characters that have been used up 
to the present time.” In size the Mint Canyon species exceeds that of some 
forms of Protohippus. Evidently the stage of evolution represented by M. 
untermontanus is transitional between Merychippus and Protohippus. 


Protohippus sp. 


M3, No. 126 from C. I. T. Coll. Loc. 100 (fig. 9a), is referable to this 
genus. The tooth is in an advanced stage of wear. It is heavily cemented. 


Fic. 9, a and b—Protohippus sp. 
a, M3, No. 126 C.LT. 
Coll., occlusal view, 
b, upper cheek-tooth, 
No. 30045 U.C. Coll.; 
x 1.0. Mint Canyon 
Miocene, southern 
California. 


The enamel borders of the fossettes are very simple. An isolated enamel 
loop lying to the inner side of the fossettes in this specimen is seen also in 
well-worn teeth of Protohippus placidus, Protohippus niobrarensis, P. pro- 
fectus and P. perditus secundus as well as in some forms of Pliohippus. 
The crown of No. 126 is quite large and compares favorably in size with 
teeth of the larger members of the Protohippus group. No. 126 greatly 
exceeds teeth of Merychippus in size. 

A portion of another upper cheek tooth, No. 30045 U. C., is also appar- 
ently referable to this genus. No. 30054 differs from teeth referred to 
Merychippus in the excessive simplicity of its regular crescentic fossettes. 
The protocone is united to the protoconule and the hypocone is apparently 
attached to the metaconule. A pli caballin is present. Figure 96 illustrates 
this tooth. 


1J.C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 11, 484, 1919. 


98 Contributions to Paleontology 


Comparative measurements (in millimeters) of M3 


M. intermon- P. profectus Pliohippus 


Protohippus, sp. jana No. 8349 spectans 


Nhe) Cdl, SOUL Gh | Aim, Win, ||No, ORS TC. 
Anteroposterior 
diameter ....... 28.4 24.9 24 BED 
Transverse 
diameter ....... ihe 21.0 20 22 
Height of crown.. 19.7 Beet 36 


Hipparion ? sp. A. 


Specimens representing this form are three lower cheek-teeth, No. 30047 
from Univ. Calif. Coll. Loc. 3555 (fig. 10, a and b). The teeth show the 


Fic. 10, a and b—Hipparion ? sp. A. P38, P4, MI, No. 30047 
UC. Coll., lateral and occlusal views; x 1.0. Mint 
Canyon Miocene, southern California. 


effects of weathering and are in an advanced stage of wear. To this form 
is also assigned M3, No. 30048 from Univ. Calif. Coll. Loc. 3564. All of 
the specimens are relatively large teeth and are heavily cemented. The 
metaconid-metastylid column is long anteroposteriorly as in Hipparion. 
The groove is especially well developed in P38, but in all of the teeth it 
continues to the base of the crown. This feature is not marked in Merychip- 
pus or Protohippus. The groove, however, is not so broad or deep as in 
most Hipparions. The teeth possess an antero-external enamel fold on the 
protoconid not found in Pliohippus. In size of cross-section they exceed the 
most advanced merychippine types. 

The metaconid is considerably larger than the metastylid. The antero- 
posterior diameter of the column which they form is greater than that of 
Hipparion condoni Merriam from the Ellensburg formation of south-central 
Washington and is comparable to that in other species of Hzpparion. 
Valleys adjacent to the metaconid-metastylid are compressed and serve 
to emphasize the large proportions of the column. The prominent antero- 
external ridge on the protoconid is likewise present in H. condom. This ridge 
is small when found in H. mohavense. 
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Some differences are to be noted between the Mint Canyon form and 
several members of the genus Hipparion. Flattening of the exterior margin 
of the protoconid and hypoconid is not so marked as in species of Hipparion. 
The entoconid is large and projects anteriorly but there is no hypoconulid 
spur to be noticed on the inner margin. In general the valleys are com- 
pressed to a degree comparable to those in Hipparion. 

From H. mohavense the Mint Canyon form differs in the shape of the 
entoconid, in the presence of a marked antero-external fold and in the 
preponderance in size of metaconid over metastylid. 

These teeth represent a form of the size of Hipparion sp. B. from the 
Mint Canyon. The antero-external ridge is present on both. However, the 
metaconid-metastylid groove is not so broad or deep in species A. In 
Hipparion ? sp. B. the depth of the groove increases with wear. Likewise 
this form has a marked hypoconulid separated by a groove from the ento- 
conid. In Hipparion ? sp. A. the isthmus is broad and is penetrated by an 
enamel tongue from the protoconid and hypoconid. In species B. the 
isthmus is narrow and the tongue does not seem to be appreciably deeper 
at the base of the crown than at the wearing surface. The differences in 
pattern do not seem to be entirely attributable to wear. The type of 
Hipparion represented by Hipparion ? sp. A. is somewhat closer to the pro- 
tohippine stem than is either Hipparion ? sp. B. or Hipparion mohavense. 


Comparative measurements (in millimeters) of lower cheek-teeth 


H. condoni 
H. mohavense 


No. 672 
Univ. Oregon No. 19787 U. C. 


Hipparion?sp.A. 
No. 30047 U. C. 


P3, anteroposterior diametev..... es! Di) 0 ati a 23.5 
P3, transverse diametet............. SUS a A be a 11.7 
P3, height of crown.................0.. 24.5 

P4, anteroposterior diameter..... 26.0 21.0 23.8 
P4, transverse diameter............. 11.6 ito 11.9 
P4, height of crown................0.+ 24.5 31.0 32.0 
MI, anteroposterior diametev... 22.4 17.6 

MI, transverse diameter............. 11.6 10.3 


MI, -anteroposterior diameter 
of metaconid-metastylid 
COLUMN eure ere orme 14.2 11.2 


Hipparion ? sp. B. 


The form represented by Nos. 114 and 115 C.1.T. Coll. Vert. Pale. is one 
of the largest of the Mint Canyon horses. A well-worn upper tooth (fig. 11, 
c and d), which may be M1, possesses a straight crown. The mesostyle is 
unusually heavy. The fossettes are relatively simple for Hipparion, especi- 
ally the postfossette. The protocone is oval and larger than the hypocone. 
The former is still separate from the protoconule but the enamel borders 
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are tangent. The hypocone is strongly united to the metaconule. A pli 
caballin is present. 

Simple fossette borders are usually diagnostic of Protohippus, while those 
of Hipparion are usually relatively complex. Crowns of Hipparion teeth 
are always nearly straight, whereas those of Protohippus are but occasion- 
ally straight. When considered in connection with the straightness of 
crown, the isolation of the protocone seems to indicate closer affinity with 
Hipparion than with Protohippus. 

The two lower cheek teeth (fig. 11, a and 6b), considered as belonging to 
this type, were not found intimately associated with the upper molar. The 
specimens were found on opposite drainage slopes of the same exposure, 
although they may possibly have been derived from the same bed. The 
teeth are fairly complete, although they were collected in fragmentary con- 
dition. The enamel has largely flaked off. 
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Fic. 11, a to d—Hipparion? sp. B. a and b, lower cheek-teeth, No. 115 C.1.T. 
Coll., lateral and occlusal views, c and d, upper cheek-teeth, No. 114 C.1.T. 
Coll., lateral and occlusal views; x 1.0. Mint Canyon Miocene, southern 
California. 


In these teeth as in those of Hipparion? sp. A., the outer margins of 
the protoconid and hypoconid tend to be more rounded than in most species 
of Hipparion. An antero-external ridge is present on the protoconid. The 
metaconid and metastylid columns are defintely separated to the base of 
the crown. The isthmus is narrow and the tongue of enamel from the proto- 
conid and hypoconid does not penetrate it. The entoconid is somewhat 
rectilinear and a hypoconulid is present. The crowns are long and the 
pattern seems to warrant assigning the form tentatively to Hipparion rather 
than to any other genus. 

The Mint Canyon type differs from Merychippus sumani and Hipparion 
gratum in much larger size. From Hipparion mohavense it differs in simpler 
fossette borders and rounder protocone. H. platystyle has a flatter proto- 
cone and the fossettes are narrower transversely. Hipparion ? sp. B. may 
represent a type intermediate between Protohippus and Hipparion with 
perhaps a relationship tending more toward the latter genus than toward the 
former. 
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Comparative measurements (in millimeters) of teeth 


: ‘ Hipparion : 
9 
Hipparion ? ee ae * | mohavense etal 
sp. B. No. 114 pe eG callodonte un Panis 
Crt: Re No. 21311 |x, 91399U.C 
° U. @ 0. ° ° 
M1, anteroposterior diameter QOw2wi! pie yyeesewses 24.5 22.0 
M1, transverse diameter ...... Qo (d|oik. cease 22.6 26.0 
M1, height of crown .............. 27.0 
No. 21459 
No.115 C.1.T. U. C. 
P3, anteroposterior diameter 24.9 23.9 27.0 25.1 
P3, transverse diameter ...... 14.6 15.3 13.7 12.2 
P38, height of crown .............-.- 41.3 24.5 
P4, anteroposterior diameter ONT 26.0 27.4 24.7 
P4, transverse diameter ...... 14.6 11.6 13.0 12.0 
P4, height of crown ...............- 35.2 24.5 51.0 
P4, anteroposterior diameter 
metaconid-metastylid 
CO] Ty eeshees sees soe ceeds 16.3 14.2 


Hipparion ? near mohavense Merriam 


Two upper teeth, Dm4 and M1 (fig. 12a), No. 15 Los Angeles Museum 
Coll., from the Mint Canyon deposits presumably represent a species closely 
related to Hipparion mohavense. Occurring at the same locality (L. A. Mus. 
Coll. Loc. 1006) was a portion of a lower jaw containing P2, P83, and a 
portion of P4 (fig. 12, b and c), apparently referable to the same species. 
Specimen No. 124 from C. I. T. Coll. Loc. 100, including Dm3 and Dm4 (fig. 
13d), and two upper molars (fig. 13a to c), and (fig. 13e to h), also belongs 
to this form. The upper teeth are slightly curved and are heavily cemented. 
The protocone is enlarged and separate, while the hypocone is reduced. 
Fossette borders are complicated. In the lower teeth the metaconid- 
metastylid column is separate to the base of the crown as is typical in 
Hipparion. 

Among the infoldings of the enamel present on the crown are the pli 
crochet, pli caballin, pli prefossette, pli postfossette, and the pli hypostyle. 
One-fourth of the length of the crown from the bottom, the protocone is 
united to the protoconule. The juncture is effected at the anterior end of 
the protocone and the pli caballin has disappeared. 

A number of enamel folds are present in the lower teeth. There is a 
tendency to form a small antero-external fold on the protoconid. As in 
Hipparion mohavense callodonte a fold is present on the anterior margin of 
the hypoconid with a corresponding fold projecting into the valley opposite 
it. The outer margins of the protoconid and hypoconid are more rounded 
than is usually the case in Hipparion. 
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Fic. 12, a to c—Hipparion ? near mohavense Merriam. 
a, Dm4 and M1, No. 15 L.A. Mus. Coll., 
occlusal view, b and c, jaw fragment with P2, 
P3, and portion of P4, No. 15, L.A. Mus. 
Coll., lateral and occlusal views; x 1.0. Mint 
Canyon Miocene, southern California. 


Like the variety Hipparion mohavense callodonte, the Mint Canyon 
form exceeds Hipparion mohavense in size and in the anteroposterior length 
of the protocone. The crown surface of H. mohavense callodonte in contrast 
to that of the Mint Canyon species shows a large number of enamel plica- 
tions which are distinctly angular. The differences in crown pattern may be 
due in part at least to wear. Teeth of the type specimen from the Ricardo 
are but slightly worn, whereas those of the Mint Canyon species are moder- 
ately worn. It has been recognized that the number and complexity of 
enamel folds may vary considerably within the range of the length of the 
crown. A section through the type specimen, No. 21311 U.C., made at a 
point approximately 4 mm. below the grinding surface exhibits a pattern 
more closely resembling that in teeth from the Mint Canyon. 

The slightly greater curvature of crown of the upper cheek-teeth, greater 
simplicity of fossette borders, and an earlier union of protocone and pro- 
toconule in the Mint Canyon form, in contrast to the structural characters 
of the teeth in the Ricardo Hipparions, might be expected if the Mint 
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Fic. 13, a to h—Hipparion ? near mohavense Merriam. Permanent and deciduous 
upper cheek-teeth, No. 124 C.LT. Coll. a, b, and c, M1?, lateral and 
occlusal views and section through crown, d, Dm3 and Dm4, occlusal 
views, e to h, M2, lateral and occlusal views and two sections through 
crown; x 1.0. Mint Canyon Miocene, southern California. : 


Canyon species were considered as a stage antedating the appearance of 
true Hipparion. Possibly the distinctions here noted are sufficiently diag- 
nostic to warrant the recognition of a new specific type. If the Mint Can- 
yon form falls within the limits of the genus Hipparion, the characters 
possessed by this type suggest one of the more primitive representatives of 
the group. 

Merriam?! has noted that H. mohavense seems more closely related to 
H. richthofenz of China than to previously described American forms. Con- 
cerning H. mohavense callodonte he remarks: “In many respects Hipparion 
mohavense callodonte of the Ricardo Hipparion group resembles a type from 
the Island of Samos, which has been referred to H. gracile. In this Samos 
form the protocone is much more compressed than in typical H. gracile and 
exceeds the degree of flattening in H. m. callodonte. The enamel folds are 
complicated much as in H. gracile, H. richthofem, and H. mohavense.” 


Rhinocerotidze 
_Rhinocerotid indet. 


A fragment of a jaw of an immature animal, No. 20 L. A. Mus. Coll., 
belongs to a rhinocerotid type. Tooth fragments, No. 127 C. I. T., of an 
adult individual show a crown length of approximately 41 mm. 


2 J.C. Merriam, Univ. Calif. Publ., Bull. Dept. Geol., vol. 11, No. 5, 557, 1919. 
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Comparative measurements (in millimeters) of teeth 


H. near H. near |4- bea H. moha- 
mohavense | mohavense No. 21311 vense 
No. 15 L. A.) No. 124 U. CG. No. 19787 
Mus. C.1.T. ne U. C. 
Dm3, anteroposterior ee 
diameter 2.28 ee noe 26.9 
Dm8, transverse diameter ....| _ ........ 23.1 
Dm4, anteroposterior 
diameter |... 23. Oa 27.3 28.3 
Dm4, transverse diameter .... 22.0 a22.6 
M1, anteroposterior diameter 27.8 26.0 24.5 21.4 
M1, transverse diameter ...... 22.8 22.8 22.6 22.0 
M2, anteroposterior diameter| _......... 23.6 24 21.6 
M2, transverse diameter ......|  — «....... 21.8 20.4 20.0 
WMOZ, JAYSTANG OR GROWN coc] | cxoocuos 42.3-+- 41.0 35.5 
No. 21348 
P2, anteroposterior diameter ZOO Oe Mra eee 28.4 23.8 
P2, transverse diameter ...... LO wewes seo sheeeeees 12.0 11.4 
P3, anteroposterior diameter ZOO aM pe ueezccces 27.0 
P3, transverse diameter ...... 1 a nl eae ee 13.7 
P4, anteroposterior diameter|.) “222.00 |) ane 27.4 
P4, transverse diameter ...... GLE Opie i ncehes 13.0 
P4, height of crown ..............- AGERE Ells) eee 51.0 44.0 


a, approximate. 


Tagassuidz 


Prosthennops ? sp. 


A fragment of a mandibular ramus, No. 112 C. I. T. (fig. 14, a to c), was 
obtained at C. I. T. Coll. Loc. 98. This specimen includes a portion of-Dm4 
with P4 exposed below this tooth, MI and M2, and indicates the presence 
of a dicotyline form. P4 was removed from the jaw and is shown in figure 
14c. Fragments of a canine were associated with this material. 

The canine has an inequilateral triangular aspect in cross-section, the 
outer slightly convex face being the broadest, the inner nearly flat face being 
next, and the posterior slightly concave surface being smallest in breadth. 

Dm is very much worn and is being replaced by P4. The last premolar 
has two cusps on the anterior crest and a lower posterior crest. M1 exhibits 
a moderate state of wear, the cusps having been reduced. M2 is larger 


e 
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Fia. 14, a to c—Prosthennops? sp. Fragment of ramus with permanent and 
deciduous teeth, No. 112 C.I.T. Coll., a and 6, occlusal and lateral views 
of jaw and Dm4, MI, and M2, c, P4, occlusal and lateral views; x 1.0. 
Mint Canyon Miocene, southern California. 


Comparative measurements (in millimeters) 


Prosthennops ? sp.|Prosthennops ? sp. 
No. 112 C. I. T. | No. 23863 U. C. 
Mint Canyon Rattlesnake 


Dm4, anteroposterior diameter 
Dm4, transverse diameter 

P4, anteroposterior diameter 
P4, transverse diameter 

MI, anteroposterior diameter 
MI, transverse diameter 

M2, 

M2, 


No. 112 C.1.T. No. 23866 U. C. 


CI, anteroposterior diameter 


CI, transverse diameter 


a, approximate 
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than MI and the cusps on the anterior and posterior portions of the tooth 
are separated by a transverse indentation. 

Dearth of peccary material from either older or contemporaneous verte- 
brate horizons in western North America makes a comparison of the 
present specimen difficult. Comparison with Prosthennops ? sp. from the 
Rattlesnake serves to emphasize the more quadrate aspect of the teeth in 
No. 112, indicating, perhaps, that the Mint Canyon form is not so far 
advanced as that of the Rattlesnake. 


Camelidz 
Miolabis californicus n. sp. 


Type specimen, No. 30046, University of California collection, from U. C. 
Coll. Loc. 3568, Mint Canyon Miocene. The type of this species is the 
greater portion of the facial and palatal region of an adult skull (fig. 15, 
a and b). Also associated with the type are several fragmentary skeletal 
elements. 

Specific characters—Dental formula, I8, C1, P4, M3. Incisors rela- 
tively heavy. Slight reduction of premolars. P2 two-rooted. Molars sub- 
quadrate. Premaxilla not reduced. Muzzle short and elevated. Infra- 
orbital foramen above posterior portion of P4 and anterior portion of M1. 
Shallow malar fosse. Small size. 

Miolabis californicus is among the smaller cameloid forms. It is smaller 
than Miolabis transmontanus (Cope) and is apparently comparable in 
size to Paratylopus cameloides (Wortman). The muzzle is short and rela- 
tively high, suggesting Paratylopus sternberg: (Cope). The apparent de- 
pression of the muzzle on the basifacial axis seen in figure 15b may be due to 
imperfect contact on a fracture. As in the genotype, Muiolabis trans- 
montanus, the muzzle is moderately compressed laterally. 

The infraorbital foramen is situated above the anterior part of M1 and 
the posterior part of P4. A groove, the length of P4, projects anteriorly. In 
Poébrotherium wilson Leidy, Paratylopus sternbergr (Cope), and Proto- 
labis montanus Douglas this groove is situated farther forward. 

The malar fosse are broad and shallow in M. californicus. Illustrations 
of Poébrothertum wilsont and Paratylopus sternbergi given by Wortman do 
not show prominent fosse. In this respect M. californicus appears similar 
to P. sternberg:. In the specimens of P. cameloides from the John Day 
described by Lull! there is a deep depression on either side of the maxillary. 

The diastemata of Poébrotherium are short and the genus is more primitive 
in this respect than Miolabis. Paratylopus sternbergi is comparable to 
No. 30046 in shape of skull and in the absence in deep malar fosse. The 
John Day type is smaller than the Mint Canyon form. In Protomeryz as in 
Paratylopus the orbit is closed posteriorly. Unfortunately, this region is 
missing in the type of M. californicus. 

Wortman notes that the P2 in Miolabis transmontanus is markedly re- 
duced from that in Paratylopus cameloides. In M. californicus the 
premolar dentition is if anything heavier than in P. cameloides. M1 is 
subquadrate, while M2 and M3 are more elongate. The cheek-teeth are sub- 
hypsodont, being slightly higher crowned than those of P. cameloides and 
probably similar in this character to those of M. transmontanus. In M. 


7R. 8. Lull, Am. Jour. Sci., (5), vol. 1, pages 392 - 404, 1921. 
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Fig. 15, a and b—Miolabis californicus n. sp. Skull, No. 30046 U.C. Coll., a, 
palatal view, b, lateral view; x. 0.75. Mint Canyon Miocene, southern 
California. 


californicus the length from the anterior end of P2 to the posterior end of 
M3 is 82 mm. In Paratylopus cameloides (specimen No. 7915 Am. Mus. 
Nat. Hist.) this measurement is 83 mm. 

Pseudolabis dakotensis Matthew ! from the upper Oligocene (Protoceras 
beds of South Dakota) is comparable to M. californicus in size (P2-M3 in 
the former 83.7 mm., in the latter 82 mm.) although larger than Pseudolabis 
(Paralabis) matthewi Lull. In the genotype the mesostyle is lacking on 


1'W. D. Matthew, Bull. Amer. Mus. Nat. Hist., vol. 20, pages 211-215, 1904. 
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cheek teeth. The presence of the mesostyle in P. matthewi indicates a 
closer relationship between this species and M. californicus than between 
P. dakotensis and the California form. Pseudolabis matthewi is smaller 
and has less quadrate premolars than M. californicus. The diastemata are 
dissimilar. 

The presence of the full incisor dentition separates the Mint Canyon 
form from Procamelus. An isolated upper second incisor belonging to No. 
30046 is relatively heavy. The exposed section of the root of I3 shows that 
the latter was also a large tooth. A striking feature of the diastemata is 
that the diastema behind P1 is unusually short as is indicated in the table of 
measurements. The accuracy of this measurement is somewhat impaired 
by the presence of a fracture in the skull between Pl and P2. The first 
premolar is definitely and strongly two-rooted. Cope noted that the roots 
of Pl in the genotype were discrete at the extremities. In Protolabis mon- 
tanus, Procamelus and Alticamelus P1 is one-rooted. 

Protolabis is apparently more advanced in the line of cameloid evolution. 
The incisors in this genus are much reduced and I1 may be absent as in a 
specimen from the upper horizon of the Loup Fork beds doubtfully referred 
to P. angustidens. The premolars are also much reduced, and P1 is quite 
small in P. montanus. 

No. 30046 differs from M. transmontanus in some important details. The 
dentition in the California species appears to be more primitive. The in- 
cisors are not spatulate. The dental series is shorter and the reduction of 
the premolars is not so marked. Pl is more strongly two-rooted. In M. 
transmontanus the premolar-molar ratio shows relatively greater develop- 
ment of the molars than is the case in M. californicus. Important differences 
are to be noticed in the diastemata. Although the skull itself is smaller, the 
diastemata behind I8 and C respectively are longer than those in M. trans- 
montanus. On the other hand, the diastema between Pl and P2 is much 
shorter in the California species than in M. transmontanus. 

Three species of camels from the lower part of the Sheep Creek beds of 
Nebraska, assigned to Protolabis fissidens Cope, Miolabis longiceps and 
Miolabis tenuis, are discussed by Matthew. All three of these forms 
retain I1 and 12. Cheek teeth in P. fissidens are longer crowned than in 
M. transmontanus. In M. tenuis Matthew the muzzle is elongate and 
slender. The premaxilla is slender anteriorly. Incisors are of moderate 
size while the canines are small. Pl is absent except for a small alveolus 
on one side. Apparently P2 is absent. Matthew recognizes the wide differ- 
ence between M. tenuis and the genotype and relates it to M. longiceps from 
the Pawnee Creek. In all the characters mentioned above these Great 
Plains forms differ from M. californicus. 

The new species does not seem to be closely related to upper Miocene 
camels and affinity with preceding forms is not clear. Paratylopus camel- 
oides does not appear adequate as the ancestral stock of Mzolabis californi- 
cus in view of its deep facial fosse, elongation of the muzzle, and more 
pronounced reduction of canines and incisors. In regard to the muzzle, the 
strongly two-rooted condition of Pl and size, M. californicus appears more 
primitive than the earlier Miolabis transmontanus and hence not derived 
from this form. Pseudolabis (Paralabis) matthewi in shortness of muzzle, 
spacing of anterior teeth and in general characters of dentition and skull 


7W. D. Matthew, Bull. Am. Mus. Nat. Hist., vol. 50, 190, 1924. 
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appears as a possible ancestral type. Muolabis californicus presumably be- 
longs on a primitive side branch of the Camelide which persevered into the 
upper Miocene. 


Comparative measurements (in millimeters) 


Miolabis Miolabis Paratylopus | Pseudolabis 


californicus Fist cameloides | matthewi 
No. 30046 No. 10917 No. 10167 
U.c. | montanus lyale P. Mus.|Yale P. Mus 

Rema, 1h) iy WR a147? 257 ees ay, ene 
Wenct hy oncom ieee 18 eget] LM een eI TE ea 122 
length h2ito) Mise eee 82 92 SCONE HIN. veccatess 
Mength we Zevor 4 sce ee 31.7 0 5) a | imag et eer 
Length, M1 to M3B........................ 50.3 Fe i yahiely sees 43.5 
Diastema, I3ito) C22 ees 9 GE sah AIM ymca se: 5.5 
Diastema, C to P...................... 13 11 16 15.5 
Diastemay eb ltope2e ee a6? 20 20 10 

iPimalveolussanterosposteriory mm wae nae A aye Deel 

diameter, jen cskene TOF he Tite iesetecadt yhaelal We eae 

P2, anteroposterior diameter.. aI Par hak LAN etek iE a man «Sa 8 

P2, transverse diametev............ ASG IMAG e rece y e ee |) | mes mem i! Eee 
P3, anteroposterior diameter.. 12.3 aI Te ce See 9.5 
P3, transverse diametev............ 7 : CTO PEN TVR OS ie par) MOI et cae 
P4, anteroposterior diameter.. TOG I Fescecces ll 9.5 
P4, transverse diameter............ 1 | eseseeee LORY cca 
Ml], anteroposterior diameter.. TS Oa aly uasccntos 13 12.5 
Ml, transverse diameter.......... SOR el tetecscesse. Geet” isaeuene mh (euia , Goad 
M2, anteroposterior diameter.. 17 18 We Sit Altea: Bose 
M2, transverse diameter.......... 15 18 GDh leg a teense 
M3, anteroposterior diameter.. 19.5 22 20 17 

M3, transverse diameter.......... 16.8 19 17 fet: Sed ana er 


a, approximate. 
Alticamelus ? sp. 


The presence of large camels related perhaps to Alticamelus or Megatylo- 
pus is indicated by an incomplete proximal phalanx, No. 118 C.1.T. Coll. 
from locality 101. This specimen (fig. 16) is comparatively long and 
slender, corresponding in shape and size with No. 21563 U. C. Coll. from 
the Ricardo. No. 21564 U. C. referred by Merriam to Pliauchenia ? sp. is 
relatively shorter and stouter. 
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A jaw fragment containing one selene of a tooth appears to be that of 
a large camel. This fragment, No. 119 C. I. T., shows the depth of the 
jaw to be approximately 38 mm. and the height of the tooth along the 
inner side of the crescent to be approximately 19.5 mm. 
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Fie. 16—Alticamelus ? sp. 


Fic. 17—Merycodus near 


Proximal phalanx, necatus Leidy. 
No. 118 CLT. Fragment of antler, 
Coll, anterior No. 1380 CLT. 


view; x 0.50. Mint 
Canyon Miocene, 
southern Califor- 
nia. 


Coll.; x 1.0. Mint 
Canyon Miocene, 
southern Califor- 
nia. 


Antilocapridz 


Merycodus near necatus Leidy 


Two antler fragments of Merycodus showing the region of bifurcation 
are included in the collection. In No. 130 C. I. T. from locality 103 (fig. 
17), the basal portions of the ascending tines are present. Insofar as com- 
parison can be made, this specimen resembles Merycodus antlers from the 
Barstow. In the flattening of the beam, angle of bifurcation of the tines, 
and in size No. 130 resembles closely material (No. 1399 U. C. Coll.) 
from the Mohave Miocene referred to M. necatus. Toe bones, No. 121 
C. I. T., and a fragment of an upper maxillary with a cheek-tooth, No. 
122 C.LT., are referred to Merycodus. 
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Antilocaprid indet. 


An enamel fragment of a cheek-tooth indicates the presence of a large 
antelopine form. The fragment pertains to a selenodont tooth of consider- 
able hypsodonty. Its height is 85 mm. The subdued character of the 
styles is indicative of affinity with the Antilocapride. The two Barstow 
forms referred to Merycodus necatus and Merycodus furcatus are much 
smaller. ? Merycodus altidens Matthew from the Upper Snake Creek beds 
is a form of comparable size, as are also members of the genera Ilingoceras 
and Sphenophalos. 


Oreodontidz 


Oreodont cf. Merychyus 


A posterior portion of a left ramus of the mandible from U. C. Coll. Loe. 
3555 ? is referred to a small oreodont. The specimen is illustrated in 
figure 18. The larger part of a worn MI and a practically unworn M3 are 


Fic. 18, a and b—Oreodont, cf. Mery- 
chyus. Fragment of ramus, U.C. 
Coll., a occlusal view, b, lateral 
view; x 1.0. Mint Canyon Mio- 
cene, southern California. 
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present in the jaw fragment. The molars are selenodont and hypsodont. 
The selenes of the teeth tend to terminate more acutely exteriorly and the 
valley between them is deeper than in typical cervid or antilocaprid teeth. 
No prominent style is present on the median inner surface of the tooth as 
in cervids. The posterior lobe of M3 does not appear to be as flat as in 
M8 of oreodonts. The characters noted are on the whole perhaps more 
strongly suggestive of an oreodont than of other Miocene artiodactyla. 

The genus Merycodus, somewhat comparable in size, has a thinner and 
lighter ramus. In the Mint Canyon specimen the ramus increases rapidly 
in depth beneath M8. This tendency toward an expanded circular outline 
of the angle is especially noticeable among the oreodonts. Figures of Mery- 
chyus delicatus Loomis and Merychyus paniensis Loomis illustrate this 
feature. The Mint Canyon type is somewhat smaller than M. delicatus. 
Teeth from the Virgin Valley beds tentatively referred by Merriam to 
Merychyus are somewhat heavier than those of the Mint Canyon form. 
The approximate measurements (in millimeters) of the oreodont specimen 
from the Mint Canyon are as follows: length from anterior end of M1 to 
posterior end of M3, 35; anteroposterior diameter of MI, 9; anterposterior 
diameter of M3, 17; depth of jaw below M2, 22. 
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LIST OF MINT CANYON FOSSIL LOCALITIES 
All Townships and Ranges referred to San Bernardino Base and Meridian. 


All localities in Fernando Quadrangle except No. 97 C.1.T. which is in the 
Tejon Quadrangle. 


University of California: 


Locality 3554: SE. 4% of SW. \% sec. 30, T.5 N., R. 14 W. 
Locality 3555: Center of sec. 35, T. 5 N., R. 15 W. 
Locality 3564: West line of sec. 35, T. 5 INE RS) We 
Locality 3565: ae corner of NE. Y/, sec. 36, T. 5 


T. 
Locality 3566: N. 14 of NE. 4 sec. 36, T. 5 N., R. 16 W. 
Locality No. not assigned: Center of SW. 1, sec. PX), “Ae & 
R. 15 W. 
Locality 3568: Center of SE. 14 sec. 30, T.5 N., R. 14 W. 
Locality 3571: N.W. 44 of SW. 14 sec. 35, AY BIN. R. 1 


Los Angeles Museum: 
Locality 1006: SW. corner sec. 35, T. 5 N., R. 15 W. 


California Institute of Technology: 

Locality 97: W. line of NW. 14 of N.W. sec. 14, T. 5 N., R. 
16 W. 

Locality 98: N. center of SE. 14 of SE. 4 sec. 35, T. 4 N., 
R. 15 W. 

Locality 99: Center of SW. 14 sec. 32, T.5 N., R. 15 W. 

Locality 100: Center of S. % of sec. 34, T.5 N., R. 15 W. 

Locality 101: NW. portion of SW! sec. 31, T.5 N., R. 15 W. 

Locality 102: N. 1/3 of line between sec. 3 and sec. 4, T. 
4N., R. 15 W. 

Locality 103: SW. corner sec. 35, T. 5 N., R. 15 W., same 
as L. A. Mus. No. 1006. 
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